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PREFACE TO THE SIXTH EDITION 

The ten momentous years which have elapsed since the 
publication of the fifth edition of this Handbook have, as is 
inevitable in times of war, witnessed advances in microbiology 
m various directions and these adv’ances ha\e necessitated 
many alterations in the text of the book. 

The revision in preparation for this, the sixth, edition has been 
the most complete which the book has received since its publica- 
tion almost twenty-five years ago. Two chapters have been 
added and eleven have been completely rewritten. Not one 
remains w’ithout considerable additions, deletions or alterations. 

When the last edition was published, the sulphonamides were 
new discoveries and penicillin, the first of the antibiotics, was of 
interest only to the bacteriologist. Now two chapters, one new 
and the other drastically revised, arc required to deal with 
chemotherapy. 

Among chapters which have been rewritten are five on im- 
munity, three on intestinal bacteria and one on undulant fever. 

That the chapter on Viruses and Rickettsia: is almost entirely 
new will not surprise anyone who is familiar with the advances 
which have been made m the study of these minute organisms, not 
only m respect of their culture in the embryonated egg and of 
their morphology as revealed by the electron microscope, but also 
as regards their pathogenicity and the immunity which they 
elicit. 

The formulx of various solutions, stains and culture media 
have been relegated to the last chapter where they will be available 
for reference without suggesting that the student should attempt 
to memorise them. 

The problems of bacterial nomenclature are still unsolved. In 
the last edition, some of the new names of genera and species 
given in Bergey’s Manual of Determinative Bacteriology were 

VII 
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used for the first time. In this edition, there has been a further 
acceptance of the Manual's nomenclature, but I remain uncon- 
vinced that we should change a familiar name for an unfamiliar 
one merely on grounds of priority. So Staphylococcus is here 
used for the genus now called Micrococcus in the Manual. The 
names of the Rickcttsire given in the Manual have, in general, been 
accepted, but no attempt has been made to ascribe names, other 
than those of the diseases they produce, to the pathogenic viruses. 
In this edition, for the first time, the scientific names of micro- 
organisms, animals and plants are printed in italics. 

The most unwilling student could not regret more than I the 
increase in the text from 455 to 535 pages. It is much easier to 
add to a book than to take from it and not even the rigorous 
pruning which the text has received has permitted the incorpora- 
tion of new material without this increase in size. 

I know that the book is widely used for reference purposes by 
many who are not technically students and, while I hope that 
such persons will continue to find U serviceable, I trust that they 
will realise that some, at least, of the deficiencies which they may 
note, are due to the fact that it is intended for students rather 
than for bacteriologists. 

It IS a pleasure to record my deep indebtedness to my lecturers, 
Dr. William Hayes and Dr. F. S. Stewart, for all the help they 
have so cheerfully afforded me in the writing and revision of this 
edition and for the care with which they have read the proofs. 
Dr. H J. Parish was of great assistance to me in the preparation 
of sections dealing with specific prophylaxis and therapeutics. I 
am deeply indebted to Dr. C. A. Hoarc for the suggestions he 
was kind enough to make for improvements and corrections in 
the chapter on pathogenic protozoa. 

Ma.ny of the illustrations are either new or have been redrawn 
or rephotographed. I consider myself fortunate in having been 
able to secure the services of such a well-known medical artist 
as Mr. Douglas J. Kidd, who is responsible for the coloured plates 
and for almost all the drawings. Mr. W. Kampffhas, once again, 
acted as photographer. Dr. C. E. van Rooyen kindly gave per- 
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mission for the reproduction of fig. 89. For the inclusion of the 
SIX electron micrographs shown in figs. 2, 49, 75, 91, 93 and 94, 1 
am indebted to the authors of the papers in which they originally 
appeared (Messrs. T. F. Anderson, M. Dclbriick, R. H. Green, 
F. Heinmets, S. E. Luria, H. E. Morton. S. Mudd, H. Plotz and 
J. E. Smadcl),and to the editors and proprietors of the journals 
{Journal of ilie American Afcdical Association, Journal of Bac- 
teriology (Williams and Wilkins Company) and Journal of 
Experimental Medicine) in which their papers were published. 

Finally, I trust that this, the sixth, edition will be not less 
appreciated by students of bacteriology, for whom it was written, 
and by their teachers than were the first five editions. 

JOSEPH W. BIGGER. 


Department of DAcitRioLOOV, 
Trinity College, Dublin, 
Sepremher, 1949 


PREFACE TO THE FIRST EDITION 
The publication of a new Handbook may seem to demand, if 
not an apology, at least an explanation, in view of the large 
number of such works available. 

This volume is the outcome of the dissatisfaction with the exist- 
ing text-books, frequently expressed by students to the author. 
The complaint is that the text-books contain seven to eight 
hundred pages, and the student has not sufficient time to master 
their contents in the few months devoted to the study of Bac- 
teriology in the medical curriculum, and further that he is unable 
to distinguish the more important matter from the less. The 
result often is that the student relies, for examination purposes, 
on grinders’ notes or “cram” books. I feel that this criticism 
must be taken seriously, since the majority of text-books attempt 
both to supply the necessary information to the student, and also 
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t(' V 'aboratory reference books. This criticism is not made 
n opirit of antagonism to those volumes to which I have been 
, \ piy in debt in preparing this book, and which ate constantly 
on the bench in my own laboratory. I have, however, felt for 
some years the urgent need of a shorter text-book, suitable for 
the use of students, and, as no such work appeared, I set myself 
the task of writing one. Whether I have succeeded or not will 
be for my readers, particularly my student readers, to say, for it 
IS their need that I have ever had in mind. 

This work is primarily intended for students of Medicine, and 
for those practitioners who have not specialized in Bacteriology. 
When Its contents have been assimilated, I would recommend any 
one wishing to learn more of the subject to consult one of the 
larger text-books. I believe that here the student will find all the 
more important facts relating to bacteria as they affect man. I 
have endeavoured, as far as possible, to present the practical 
aspect of the subject, to reduce the theoretical, and to keep 
prominently before the reader the fact that bacteria are important 
to the physician, not in themselves, but only as the causes of 
disease. Some criticism may be directed to a certain dogmatism, 
in the presentation, but I believe that it is better to be dogmatic, 
putting forward a probable theory as the correct one, rather than 
to leave the student confused with the claims of half a dozen rival 
theories, concerning the relative merits of which only the advanced 
worker is in a position to decide. 

JOSEPH W. BIGGER. 


School of Pathology, 
Trinity College, Dublin, 
December, 1924. 
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CHAPIfR I 


INTRODUCTJON 

Bacteria arc minute, rigid, unicellular mas'*cs of protophim of 
apparently \cTy simple structure. Their position in the sc.ilc of 
li\ing organisms cannot be regarded as csacilv determined, since 
they possess many clmacicrislics_simHar to those oC^iilh the 
sunptc^lams and an imals . They may be considered as forming 
“ n iP^e p rimitise type than either of these, micrmediale between 
the ycasiTamJ moulcJs on the one hand and the protozoa on the 
other. They difTer from the algar. which m many respects they 



disease in man and other animals. It may be said, howeser, Ih.U 
the popular conceptfon of bacteria as harmful and unnecessary 
parasites is very far from the truth. It is almost certain that 
human life on the earth would be impossible were it not for the 
innumerable activities of bacteria. Xhcy_form the link between 
the animal and vegetable kingdoms and render the dead and use* 
less material of the former available for the growth of plants, on 
which the life of all animals dcpcwls. Further, tiicy 11 k ntino* 
spheric nitrogen and render it awilablc for plant life, which 
explains the fact that the soil of the earth,, suitably tcmlcd, is 
alw’ays capable of sustaining segctiulon. t'^icyjire the active 
agents in many phenomena which are so much for granted 


depend on the action of bacteria. 

T he size of ba cteria is somewhat varied* but one may say that the 
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irtcfacts productcd by the rotatory movements of the bacteria 
•ather than the agents responsible for motility.* The motile"] 
organisms are chiefly bMilU, vi^ios add spirochxles: few of the 
:occi possess this characteristic. »^omc bactena arc prosided J 
kvith flagella all around their bodies (peritrichous) , others with 
t ufts at one or both ends , and yet others with a single flagellum at 
e ach en d, or at one pole only. -A bacterium jirovidcd with flagella 
is almost certainly motile, even if no mosement can be observed 



CAPSULES 


!>/^ 

Terminal Central SubUrminal 

SPORES 

Fig I — Flagella, Capsules and Spores 


at a given time, and the absence of flagella is, ’except in a few 
species, indicative of the organism being non-motile In examining ' 
for motility it is necessary to distinguish true mot ility from the 
^ibrator v .mQve ment shown by minute particles, suspended m 
fluids, which is k nown as^rowni a n movemen t 

Bactena multiply, very simply, by fission. They are, so far as 
IS known, entire ly asex ual.yWhen mature, if there is a sufficiency ^ 
of food mate'rlH avaflable and if other conditions are satisfactory, ' 
the individuaMncreases _somcwhat m size and.a_^constriction^'‘> 
appears: this becomes more marked, and finally a septum is pro* 
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■‘' ^erage is about 1 micron in diameler. A micron ([^) is 1/lO W 
r^lhmetre or l/25,000lnch Iti^obvious, therefore, that in order 
'to be able to see them, a- microscope affording a considerable 
degree of magnification is essential. 

When examined in the living condition bacteria a re seen to be 
✓ transparent , - Colourless, and homogeneous or finel y_gr.annl^t. 
Their^presen ce in liquid, when examined microscopically, can 
be detected only on account o nheir refractivity . When killed and 
suitably stained they are much 'mofe easily seen, but very little 
more information as to their structure is to be made out. Until 
comparatively recentl yjo nucleus h ad been satisfactorily demons- 
trated in bacteria and it was generally believed that .there _v^^^ 
complete di fferentiatio n of cytoplasm and n ucle oplasm . Evrdencc 
has now Accumulated, however, that, by the use of suitaWf 

! | methods,'* ^ discrete nuclear apparatus can be demonstrated^ 
1 bacter ia of_y^ o^^pecies. Tliere^is certainly no doubt that 
chemical substances characteristic o^jiuclear material oct mr in 

LbiEiHsiir 

Bacteria are fairly definit e in shape, owing to the existence of a 
' cell envelope. This ,exTyelQps. is probably only a jpe dalised jail 
^the ectopfasm and is^rarelj^iT ever, composed of ceUuIose. In 
P son^ihe enveto pe is surroundedjby.a.soft jelly-Hke material, the 
capsul e, which may have a width greater than the diameter of the 
bacterium whicTi iT surrounds. The presence' of capsules often 
causes a mass of bacteria to adhere toget her and to behave 
somewhat like mucus when touched with a vvire. 

Alhbacteria-require for-theiiLgLo^h a considerable amount of 
_\^ter. and they usually flourish, most abundantly, in a moist 
me^dium. When obsefvej^n_th e livi ng state, in fluid, some are . 
foundJojnQVfiJredy, otherejo.remain^riotionfess. The motility 
^ of bacteria is due, m some types, _to ^ndmg of the wlmle body 
5 of the organism and, in others, to rotation ar ound its lon^xis. 

gen eral, however, motilit y, wh^ it.occurs,J 5 _attrTbutedje.the 
^acUoiL-of-T^ry-thin,-but rdatively long, jiontractile, .hair^ltke pro- 
^cesses, t he fl agella, with which most motile bacteria are provided. 

^ Some workers, and notably Pijpcr, consider that the flagella are 
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hydrogen and oxygen, bacteria con tain p hosphor us together with 
sQ^n^mounts^oJLsulphur. caldtim. soduim, po tassiu m, mag- 
n^ium, iron, and^other ciements... ^ 

During the growth of bacteria there occurs an active synthesis 
of the complex constituents of the cell. In order that this synthesis 
may take place, the elements, which arc ultimately incorporated 
m the cell protoplasm, must be present in an assimiliablc form in 
the medium in which the organism is growing. Phosphorus, 



Fio 2 — Bacilli wmi Flagella fEleciron microscope). 


sulphur, sodium, potassium, iron and other elements required m 
small amounts are readily assimilated from simple salts present 
in the environmenrorthc organism, /faiffcrenl types of bacteria, 
however, show considerable differences in the nature of the food 
matenal which they can accept as sources of the elements carbon 
and nitrogen, ^hese differences correspond in general with— 
/differences in the synthetic power of the bacteria. Some organisms 
(autotrophs) are endowed with considerable synthetic power and 
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duc ed, w hich divides .the original cell into_two_indiiidyals,.cach 
of which ra pidly grows to adult sizc. ^The new individua ls i^y 
separate alm^t ' " '' ■' r-"*'"'** ^ 

longer or shorter .L. J. ‘ ?5 

en velop es..,. Unc • ■ , 


?[>C apable of becor 
^om_2Q_jninutes. : ■ 


accumulation of lL&rmful_wastc products and to otherJactoH:. 
t his ra te_ofjeproduct ion is not long maintained , v Even i f fissiofl 
occurred only once each hour, th e number of b acteria ^oduceo 
from.a .singleJndividuar. jfr24.hours, would be almost 17 mHHons. 

Certain bacteria, chiefly bacilfi, are aWelo protect themselves 
against adverse circumstances by the formationjaf s^re s./rTjii’ 
is not a means of reproduction, since ah individual produc es^no^ 
more than one spo^_an3niir<ioing so, dies. The object is the 
continuance of the race in conditions which would destroy all the 
vegetative forms of the bacteria. The spore in a bacjHus may he 
situated at,j)r near, the middle (centrirtj, ^one end (terminal), oi 
near an end (sub'terminal). Usually a bright, highly refractjle spot 
is first seen; this increases in size until it becomes a roun d or oval 
[ body, shorter t han the.Iong.axis_of th e, bacillus, but oft en of 
Weater diameter than the _width_of_the .bacillus, in whi ch it pro- 
(c^e^a bulge^ When the spore is fully developed, the body of the 
'bacillus disappears and the spore, which is non-motile, is free 
I The spore possesses a relatively thick and very resistant mem* 
brane, its vital functions are reduced to a minimum and it is 


capable of surviving the absence of food and water for long 
periods and exposure to a temperature which would be sufficient 
to kill the vegetative form of the bacillus in a short time. Wh en 
exte rnal conditions are again fawu^le, the^^spore-membrane 
ruptures and the bacillus itself is reproduced. 

Thecheroical composition otbactefia'Yaries-in different species. 
All, however, consist chiefly o f water, w hich forms from 70 to 8 5 
per. cent of their weight. Of the rest, the greater part is some 
form.of prote in material together with carbohydr ates, fats, 

Upoids and nuner^ matter. In addition to carbon, nitrogen. 
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to a suitable hydrogen acceptor from which m turn it may.be 
passed on to iuftli'erj|ff>?^^^xej>^rs. y 

T wo ma m'typcs'oLoMUatlQh may be distinguished f irst, that 
occurring uji ckr aerobi c _conditions and associated with ,lhc 


as affcsult of dehydrogenase action. T hey din'er, however, m th at 
jrtTirmcniaUon thc.final hydrogen acceptor is not oxygen but some 
inicrmcdia.tc metabolic product-. Generally, respiration is a more 
efncicnl method of metabolism than fermentation since it results . 
m more complete oxidation, thus liberating a greater amount of 
energy. 

The f ermentation of g lucose. bv a number orbaclcrial'species 
has been shown to be similar in its early stages to the^mbden- 
Meyerhof-Parnas scherne for mus cl e_and yea st involving oxida- 
tion, ^Ssphorylation and..splming of the glucose molecule. 
Ffom/ pyruvtc ac id, a key intermediary in this scheme, a variety 
of compounds may be produced by dilTereni bacteria— formic, 
aceti£, propionic, lactic, butyric and succinic acids; ethyl, propyl 
and butyl alcohols; acetylmcthyl carbmol and 2 : 3 butylene gly- 
col. Some organisms can break down the lormic ac id produced in 
glucose fermentation to hydrogen and carbon dioxide Although 
/crmcntation is essentially an anae robic process, dero^ oxid a-^,', 

tion of ’ ’ t.. with anaeroSlcii 

phases ’ of the typical 

fermen , bic conditions 

In almost all aerobic ^idations, re spiration is dependent on 
the re spirato r y pigment^todir o me. CyToenrome is a hjemaun" 
protein capablepf.alternate.oxidation and reduction and functions 
as a carrier of hydrogen^rom substrate to oxygen. Some dehydro- 
... j-v J -r n... ... . 


6 


HANDBOOK Of BACTERIOLOGY 


can utili^ very simple inorganic com pounds, such as carbon 
dioxide and nitrates or ammonium salts, as sources of carbon and 
nitrogen respectively. From these they can build up their complex 
carbohydrates, proteins, fats and other essential constituents. 

The bacteria in which we are mainly interested are classed as 
heterotro phs and, as such, have much less synthetic power than the 
autotrophs and, in consequence, require much more complicated 
organic food materials. It is, indeed, possible to trace a gradual 
loss of synthetic power, reflected in increasing complexity of nutri- 
tional requirement, as we pass from thejess to.the,more highly 
parasitic-types. It is probable that this loss is primarily the result 
of the acquisition of the parasitic habit which ensures for these 
organisms an abundant supply of preformed food materials in the 
body of the host. 

All the pafHogenic bacteria require an organic source of carbon 
such as is foundlncarbqhydrates, proteins, amino acids and fatty 
acids: these comiJounds also supply hydrogen and oxygen. In 
respect of theirnitrpge n requiremen ts, however, they show.con* 
side rable d ifferences. S^e, such Sii BacU.coJi, which are, in the 
main, sapropl^fes, cao/^btain the nitrogen they require from 
ammonium salts. The ^ore highly path ogenic bacteria, however, 
require the presence in the medium of one or more preformed 
ammo acids. T^ese amino acids are usually supplied in artificial 
fo^^-Qf peptones and Dolv Deptide«;.\-r!nmplex pro- 
teins Jiavinglwger molecules cannot be^irectlv assimilated by the 
cell but must first be broken down into smaU^ units. It is, there- 
fore,, onlyjja cteria capable of producing proteolytic enzymes 
which can. utilise-them. 

Ei^ergy, which is required mainly for synthesis, is most readily 
obtained by the oxidaj;iy e,breakdown of carbohydrates of which 
.the one present in largest amount in the body fluids is glucose. 

/ Bi£logical_o^atiQii-Con«sU, not in the addition of oxygen to 
the substrate, but in t he remo ^^I of,hydr6gen from it. This 
^rempiaLofl.hydcogeft-is-catalysed-by enzymes known as dehydro- 
Senases- The hydrogen removed is not liberated in the gaseous 
^tat^butjs-transferied through the a^ency_of,the^de^jdro^en^e 

< ' I 


iti sonic niuiiiic species lo iv lu i»o uiviuti^pintiw wuvkv»m of 
decaying manure and of hot sprmgv For each type there is a 
minimum, an o ptimui ^nd a m aximum temp erature of growth. 
Inlhe case of manyypa thogenic micro-organis ms, the minimum 
IS from 15 t to_20 °. the optimum about 37'^. and the maximum 
42° to A^f^'^nKough gfowtli ceascs atnemperaturcs below the 
minimum and above the maximum, death does not necessarily 
occur, even with prolonged exposures to these temperatures. 
'^Extreme cold is especially well borne, and many bacteria which 
' are pathogenic for manure capable of surviving an exposure to 



S iiANDn(»oK oi hacti:rioloov 

In addition to building material and energy supplying sub- 
stances, ba cteri a require what arc known as “^senUp^row'th 
faciors”. These arc analogous to and, indeed, in some eases ate 
identical s\ith the ani mal vitami ns. They may be defined as 
organic compounds essential for the growth of bacteria and actnc 
in very low concentrations. The more important prbwth factors 
that have been described fall into three classe s — (a)^ heB group of 
vitamin s: biotin, nic otinic ac id, p.in tolhc nic acidT p>riUO'in. 
/ ^rg^mino benzoic acTd. fi boflay in. tt nami ne. ino^to! andJoj'C 
acid; ^b)‘misccUaneous substances of known comppsjtion such as 
p urine s, p ytrmid ines, 3 -_alao ine, pi mchc a cid, h.xmatin and gluta- 
mine; (c),”^ubsTanccs of unknown composition. 

It is probable that most bacteria require all or practically all 
these factors and that they can synthesise the majority of those 
they require from simpler substances. Those they cannot syn- 
thesise must be supplied preformed in the medium. The power 
of bacteria w synthesise growth factors is of great importance in 
connection with animal nutrition since animals can utilise sitamins 
produced by bacteria in the intestine. 

Some of these growth factors such as thiamine, riboflasin, 
nicotinic acid, pyrid^‘(ln and harmatin ha\c been shown to be 
constituent parts of co-enzy mes.! It is‘^ probable, though this has 
not been proved, that others have similar functions. As will be 
seen m a later chapter, some important^ ^ntibactc rial substances 
appear to act by interfering with the function of essential growth 
factors. 

Bacteria i n the body_ have an ample supply of their required 
growth mate rials. In the iabpratory,'lio\\ever, il'is essential, when 
attempting to grow a particular organism, to ensure that the 
medium satisfies all its nutritional requirements. Blood or other 
body fluids can usually be relied on to supply a considerable 
variety of food materials such as amino acids and grow’th factors 
lacking in the simpler laboratory media. When the needs of an 
organism are exactly known, it is possible to prepare a Synthetic 
medium satisfying these and containing only known constituents. 
Suc^efined media have_bwn i^rticul arly v aluable in the produc- 


INTRODUCTION H 

Ev ery coccu s, when fission occurs, is for n jiniQjLd^pto cocc us. ^ 
In some, however, ihc stage is only temporary whileyi n~?bt> tni /» 
diplocQCci,itjs mQre_orJess.Pcrma ncnt . A time comes when each 
of a_pair is about to divide, and then, usually,.the two part and 
each becomes a pair of dijdococci. In thc^ ^cptococc i, after if 
fission, the individuals do not readily part and since, in these. 


m*. w ^/j *»<. 


Staphylococci 


Varieties cf diplocoeci > ) 


>/2/ 


Streptocoeci Tetrads ■^) Sareinae t 
FiQ 3 —Types or Cocci 


>7\i yi i"! 

Bacilli Bacilli Baolli showing 
single m chains polar staining 

V- iS. IC 


Vibrios Spirilla Sprochaetes 

Fio 4 —Bacilli, Vibrios, Spiriua and Spirochetes 


r plqne, a cha m ^^of coc cijs produced . 

la twoJpIanes. producin g C 
— 1 '• ‘’-'■‘•on of 7 


■ • • - — vmcc 

planes, jiroducing groups of eight, resembling corded_bales. 

The bacilli are cylindrical bacteria which may be either straight 
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resista nce is greatly increa sed and even such a delicate organism 
as the pii cum ococeus, when dried over calcium chloridytnay 
survive exposure to a temperature of 11 5° for half an hourV^Cg^ 
are very much more resistant _and niay no^ bc killed, when rnoisl. 
at the temperature of boiling w'ater for ten or more minutes: m 
the dry stale , so'mc can wilhstainKscvcral hours’ exposure to a 
temperature of 130° to M0°^^nspcaking of the t hermal death 
point of bacteria iTis csscntialto specify not only the temperature 
and the time ot exp^rt^ but also thc. material in which suspended 



4Jltf ^violet ray s are most injurious tn.h.^ cfprin; many species arc 
wy quickly icinrd'“by" these agencies, and even some Wghly 
resistant spores arc destroyed by sunlight in a few hours yuitra; . 
s onie wnve s rapidly kn i.bacteria suspended in fluids. 

Bacleria^erivc their name from the fact thar the earliest types 
exarnmed we rdrod sha ped.\/ rhe te rm “bacterium” is now, how- 
ever, applied tiSi ^ll these mi cfo»orgamsnTrrind bears no relation 
to their morphology. Fiyp.morphologigal classes of the_ lower 
byteria are^rec ^nlsed:. 

'' 1 . Cocci. 

2. Bacilli. 

3. Vibrios. 

4 Spirilla. 

5. Spirochietcs. 

Cocci are more orjess s pherical organism s. Among them the 
perfect sphere is uncommon and an oyal bacterium is generally 
included in this group provided its'‘greater axis'is not more than 
double the leng^ o f its less er. Tlwir behaviour after fission 
enables them to be divided into suh-prnnp^: • 

(a) Diplococcf.'*' ~ 

'^(h) Streptococci. 

'^(c) Staphylococci. 

'^d) Tetrads. 

-^{e) Sarcins. 


INTRODUCTION B 

Lastly, ^^c base what is probably a large and heterogeneous 
group of living organisms which, until vse can learn more about 
them, may be grouped together as viruses . These organisms arc of 
such a r mnute siz e that they arc e ither jn visihic or only barely 


Safciv in the Lnbonitor} 

The following chapters describe the nractical meth ods used in 
the study of bacteria but, before proceeding to consider these, it is 
essential to warn the student of the d angerous nature of.t he 
materials svitb tshicb he will m the bacteriological labora* 
tory and to point out t o him th^rccauiions which he should take 
both in his own interests and in the interests of others 
/ The bench should be covered with some_im pervipus su bstaneg. 

If any material containing bacteria is spilled the bench should be 

in ‘ • 

other pieces of apparatus which have come in contact with 
bacteria. 

The worker should have on his bench a ;ar containing 2 per_ 
cent, lysol to receive slides, pjpctles and other small contaminated 
articles. Plates and test tubes may be temporarily disposed of by 
immersion in a pail containing 2 per cent, lysol, i»rc being taken, 
by removing the covers of plates and the pli^s of tubes, to ensure 
the admission of the fluid to Ibeir intenors./A few hours* immers- 
i on in this disinfecta nt will kill jhe nia.iontyj3f.pa(hogeni c bacteri a 
^t, when material containing dangerous sp^rjng OTgan^ms is ^ 
deah with, the whol^aif should be auto claved . Alternatively^ 
treatment wit h a disinfec tant may be dispensed_with, contami- 
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... 4'.. . . 1 ... ,-* -fi y-jongaxisisoUcasmce 

■ • ■' .■ ,■ I . ■... ■.».*. . ■ ^ht anglc£lo theiijong 

. ‘ , • ' ■ ' . ■ ■■■■,':■• ■: ■; ' • ,'a^brdjng'Io'_tl);Sr mo'ie 

of division, would be into those which occur singly , aiploba^ii 
and ^trcptobacilli . These terms arc sometimes used, but arc not 
generally^plbyed to distinguish different types. The bacilli arc 
divided into a n umber of genera w hich will be dealt with later. 

Theijgi d curved rods, the cur\c ^ which forms less than 
compl cte' ^piral. arc called vibrios. vd £ach is usu ally prided "ith 
asinclelerminal / 

Longer, rigid, curved organisms, usually with s everal spiral s anO 
with tufts of flagell a at one or both poles, are s pirilla . 

Spirochietes, t he next group, are believed by some to be more 
correctly classed as protozoa than as bacteria. In them, thenum* 
' /. . •• •• : • . .{nUa. the organigi ss 

! ' . *. • bacilli and between 

the bacilli and the spirilla are met with, and It is occasionally very 
difficult to say in which group a given organism should be pal* 
In deciding the question regard should be paid only to the 

. ’• or on suitable 

... ■ , . ebndj^ns arc 

• • • 

lorpis. /It must also be recognised that certain species are highly 
• .A: • • - 


a coccus and, under others, may occur m long filaments. 

The members of the next group to be considered differ in many 
ways from the preceding, and m^phologicaljy appear more nearly 
./^dated.lojhe fungi. characterised bythe formation of 

-fil^gnts which may exhibit mie braSHhing Ay^rpn^-hfKp is not an 
exclusive property of these, the so-called ^^higher bacteria”, as 
under certain, conditions branching has been observed^mong such 
representatives of the lower bacteria as the tubercle bacillus and 
C. diphthericc . — 
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Lastly, wc ha^c what K probably a large and heterogeneous 
group of living organisms which, until wc can learn more about 
them, may be grouped together as viruses . These organisms are of 
such a minute siz e (hat they arc e ither in visihte or only barely 
visible w ith th e Jufihe^t magnifications of the optical microscope. 

■ ' — ■ 


Safets in the Lnborator) 

The following chapters describe the practical meth ods used m 
the study of bacteria but, before proceeding to consider these, it is 
essential to warn the student of the d ancerous nature of.t he 
materials with which he will wo^ in the bacteriological labora- 
tory and to point out t o him th^rrecautions which he should take 
both in his own interests and in the interests of others 
/ The bench should be covered with s ome impervious s ubstance. 
It any material containing bacteria is spilled the bench should be 
•• •.! . \ 


other pieces of apparatus which have come in contact with 
bacteria. 

The worker should have on his bench a jar containing 2 per 
cent, lysol to receive slides, pipettes and other small contaminated 
armies. Plates and test tubes may be temporarily disposed of by 
immersion in a pail containing 2 per cent, lysol, c4re being taken, 
by removing the covers of plates and the plugs of tubes, to ensure 
the admission of the fluid to their interiors./A feiV-hour? ’ irnm ers- 
i on in this disinfectant w illJoUJhe majority-OLpathogeni c bacter ia ' 
^t, when material containing dangerou s sporing organisms h 
deaU~with. t he whole pall should be^utq claved . v AlternatiV el;^ 
treatment wi th a disinfec tant may be dispense d wi th. contamP 
nated plates and tubes being transferred directly after use to wire 
basketror metal Boxes fn' which they are sterilised by autoclaving 
before being washed.! When stenlisation is completed, the 
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or slightly curved, lono or short. T heir lon g axis js atjggj^ 
their diamete r. They always divide at fight 
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MICROSCOPIC EXAMINATION OF BACTERIA 

On account of the extremely small size of bacteria, a micro- 
scope is essential for their study. To secure sunicicnt magnifica- 
tion a _l/12’ inch objective is a necessity and. in addition to this, 
we require a lens of somewhat lower power, about 1,6 of an inch. 
T he 1/12-mch lens is an ••oil-immgtsiQD*!Jpns ■ since, in using it, 
a drop of cedar oil-is placed on the object to be examined and the' 
lens IS immersed m the oil. A modern substitute for cedar oil is 
*‘ polvric oil* ', made by mixing a liquid synthetic resin, poly- 
methylstyrene, and castor oil. It is cheap to prepare and has the 
advantage of remaining fluid for long periods on slide or objective, 
unlike cedar oil which dries and hardens/ An oil-immersion lens 
g ^s be tter illumination than a dry lens of the same pow'er, for, 
when rays of light pass from object to lens through air, some arc 
lost by refraction and others by reflection, since cedar o il has 
practically the same refractive index as glas s^ neither of these 
losses occurs W’ith an oil-immersion lens Such a lens also permits 
of a slightly greater working distance between the object and the 
lens and possesses the further advantage that greater detail can 
be made out than would be possible with a dry lens. Where cover 
slips are used with an oil-immersion lens they must be very 
thin (No. 1). 

Further essentials in a microscope are a plane and concave 
mirror, a sub-stage condenser, which concentrates the light on 


incandescent gas-burner. Artificial light is usually to be preferre d 
to d aylight ^, A gas-filled, metal-filament electric bulb is probably 
the best source of illumination. 

15 
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apparatus should be thoroughly washed in warm water with soa 
and soda and then in large quantities of plain water. 

jk 


'always when performing post-mortem examinations on animal 
Any.jvQund received.in.the,laboratory should at once be treate 
with tincture ofiodine or some other disinfectant such arDetlc 
'' When work is discontinued, the hands should be bathed i 
2 per cent, lysol, 15 per cent. Dettol, or other disinfectant, ar 
well washed with soap and water. 

ThgJag^.t.pailiculaEly_thc^ye5>-lLQstri ls and mouth, sh ould 1 
/arefuljy protected from alt contact with con taminated matena 
Mouth suction should not be applied directly to pipettes ft 
measuring fluids containing bacteria.Wf teals cannot be employ®' 
suction should be applied through iifruiberjubc fixed to the en 
of the pipette. No food should be eaten in the laborator; 
Gummed labels should never be moistened with the tongue. 

No reasonable person attempts to prevent smoking in tt 
laboratory, but it should not endanger the smoker. Ajjipe is saf< 
th an . a _ c i g a rfitt e. it should not be laid down'so that the moutl 
piece IS in contact with the bench. A cigarette should never t 
laid on the bench. If the mouth part projects over the edge, tli 
bench will be burned; if the cigarette is reversed, the mouth ma 
become infected. 


Students should remember that a number of careful and expen 
enced bacteriologists have died of infections contracted in thei 
laboratories. 
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t fon<. (luis serving thciamc purple iis glass lenses in relation to 
light ray y The image may be rcccKcd on a photographic plate . 
or on a lluorcsccnt screen which renders it visible. 'Since electrons 
are easily deflected from their course by molecules of gas, the 
whole system must operate in a high vacuum. The electron • 
microscope is so costly and complicated that it is unlikely to 
replace the normal microscope except where scry high magnifica- 
tions arc required. 

When using the ordinary^icroscopc, certain rules must be 
obs^ved. For cxamimngKtaincd Jiacter^ in films or sections’, * 
tl^ oil-immcrsion lens is generally employed. With this the con- ^ 
denser and plane mirror arc used, and the diaphragm should be - 
wTdcIy opened unless tlie light is excessively bright; where an 
artificial light is employed, inlensuy may be lessened by with- 
drawing the microscope to a greater distance The mirror should 
be carefully adjusted and the condenser focused so as to secure 
uniform Illumination of the field. For studying living.bacteria, a") ^ 
dry lens (i;6-inch) is preferable. With this the best illumination' ^ 
IS obtained when the concave mirror is used v^hout a condenser^ 
and the diaphragm is nearly closed if the light is too intense, the 
bacteria cannot be seen. 

By racking the microscope tube down carelessly it is easy not 
only to ruin the preparation but also, a much more important 
thing, to dislocate or fracture the front lens of the objective. To 
avoid this catastrophe, the following rules must never be departed 
from m focusing the microscope. Thc^oarsc adjustment must 
be used to lower the objective to within its working distance from 
the object. This must be done by direct observation of the distance 
between the upper surface of the slide or cover glass and the 
objective, the observer’s eye being level with the slide. This 
adjustment must never be made with the eye at the ocular. When 
the oil-immersion lens is used it must be lowered cautiously into 
the drop-oC-oilr-and_then a little further, so that the drop is seen 
to be flattened out; it must never come in contact with the cover 
glass The eye is now applied to the ocular and the mirror adjusted 
to give good illumination The coarse adjustment is worked so as 
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For the study pyc ertain bacteria, particu l arly . the^spirochste^ 
which arc p ractic ally { ^visible in the living condition wit h or^inaiy 
i lluminat ion, a special form of condenser is employed. /ln_tth 

the rays of lig’’* *' *’ ” 

n ^e of them" ^objects 

a re visible ow , 

outline only . , , 

microscopic” particles appear a s brig ht points of l ight. This type 
orniumihation Is similaftoTthat which relidcrs Visihle the motes_ 
which are seen when a bright beam of light enters a dark room. 
I n usin g a dark ground condenser, it is essential to have a layer 
of oil betwwn the condenser and the lower surface of the object 


glas^s and also to have a very brighTjHu mina nt, such as an electric 
arc or a PointolUeJam p. With most types of dark ground con- 
denser, it is necessary to have a “funnel stop” which is dropped 
within the bo^ of the objective, or else to^use an objective with a 
built-in diaphragm, in order to cut off all direct rays of light. 

The magnification with sharp definition attainable by the 
ordinary microscope is limited partly by the wave length of light 
and partly by the physical properties of glass used as a refracting 
medium in lenses. By employing mirrors in place of lenses, the 
difficulties arising from the use of these can be eliminated and the 
magnification attainable is then limited only by the wave length 
of light There appear to be good prospects of the reflecting mici^ 
scpp _g. which is now in the experimental stage, becoming generally 
available in the near future. With this instrument one should be 
able to attain higher magnifications than are possible with the 
best ordinary microscope and without loss of definition. 

When, instead of light, a bearn of el^rons is used, as in the 
electron microscop e, the limitation imposed in optical microscopes 
by the wave lengtfi of light is eliminated and a magnifica^n of 
X 100,000 can be obtained. 

In the electron microscope, the'^ject is_jmounted_Qii-a .thm 
collo^on membrane^upporfed on a metal gauze screen, instead 
ofon a glass slide, a beam of electrons takes'the place.of a beam 
of light and magnetic fields are used to refract the beam o f elec- 
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beyond the co\cr slip, nor too small, for if it is bubbles will form. 
If the preparation has to be kept for some time it m ay be scaled, 
so preventing evaporation, ^ running around the edge of thT 



Fio 3— Hanqino Drop PREPARAtioN using Houow Ground Slide, 



p,Q 6 Hanging Drop Preparation using ordinary Slide and Ring 

cover slip a thin glass rod dipped m melted para fHn_wai^ At 
first it will be found difficult to see the bacteria on account of their 
transparency. Artificia l light, no condenser, concave mirror and 
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to elevate the objective very slowly until the object is seen. If it is 
passed unobserved, it is necessary to repeat the operation from 
the beginning. The objective must never be racked down with the 
eye at the ocular as this may ruin the lens owing to its coming 
m contact with the slide. '^nce the object has been found, fine 
focussing IS done with the fine adjustment, the mirror is arranged 
and the condenser focussed so as to get crilicaUlluminatio n. The 
fundamen tals are:'^!) Never rack doA\m imlSs the objective is 
unde r direct ob^ervationrtb) always “fmd^the imag e oft he object 
by racing upwards with .the coar se adjustment, n ever d ownwards^ 
{3)jieyer_use the fine adjustment to find the image, only.to get the 
best possible focus. 

In using the microsco pe, both eyes should be kept open, as th is 
causes less sffam th an when one i s close d. At first the two images 
Will cause trouble, but after a time one becomes accustomed to 
Ignoring what is seen with the eye not applied to the microscope, 
especially if the bench is dark in colour and not too brightly 
illuminated. 


Bacteria may be observed microscopically either unstained Jn 
fluids or stained in films or sections. The method of examining 
I mng or dead bacteria, unstained , will first be described. For this 
purpose we may make a h^ging-drop^pjreparation, using either 
a hollow ground slide or arTordmary slTde^vith a glass, vulcanite, 
rubber or metal ring about 2 0 cm. in diameter by 0-3 cm. high- 
In the latter case, the nng is held by a forceps and~dipped m 
melted vaseline and is then dropped on the centre of a slide. The 
hollow ground slide is prepared by running melted vaseline in a 
ring round the hollow. A drop of the broth culture, or other fluid 
containing the bacteria, is placed in the centre of a cover slip and 
the prepared slide lowered over it until contact is made between 
the vaj^ned surface and the cover slip The slide may now be 
inverted and the cover slip gently adjusted, so that the drop hangs 
suspended m a chamber sealed with the vaseline; this prevents 
the drop from drying, .^l^rnative method is to place a drop 
of the fluid on a slide and to drapTco-^rMip on it. The drop 
should be neither too large, in which case some of it will flow out 
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is to rub the slides well with a sojini'.cloth and then to polish 
without washing off the soap. Injhe casc_of a fluid, whether 1 
culture medium , urine, ccrcbro -spmal fluid, or other bodT^fluid, 
it is only nec essary to p lace a drop o f this in the centre of the slide 
a nSl pread it sli g htly with the platmumjoo^v If the bacteria and 
cells in a fluid such as urine arc few, they may be concentrated by * 
v^c ntrifuging, films being made from the de po sit. Fifms of pu^ , 
may be sprcaiTtsTtFra^aTihum loop. A very thin, e\en film Is, 
howcNer, desirable, and better preparations may be secured by 
dipping a cotton wool swab in the pus, expressing the excess 



against the wall of the tube and then ‘ Mabbing** the swab on the 
slide several times, each time on a fr esh surface If the pus is very 
thick, or contains small nodules of caseous mat erial, the same 

placed 

t ightly ' • ... , 

down_the nodules, an d arc, then djawn apart. Blood films are 
made by^lacing a smaTil drop ofjilood on a slide towards one end. 
The edge of another slide is moved along the surface of the first 
until it comes in contact with the drop, when the blood spreads 
out between the two. The second slide is held at an angle of about 
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p diaphragm almost closed will assist.* It may help the beginner to 
focus the bacteria if a mark is made with a grease pencil at one 
side of the lower surface of the cover slip before the preparation 
IS mounted. If this is brought sharply into focus and the slide then 
moved, so that the drop is below the objective, the bacteria them* 
selves should at once be visible. It is necessary to determine 
whether these arc rPOtiic or not.» ^fUc motility must be distm - 
gu j^hed both from Brownian movement, which is due^ mole^ar 
bombardment, and is also seen in minut^jifclcss particles, and 
from the flown^ftRc~bactcria owing to currents set up by uneven 
h eatmg .~~'ihe best test is to observe carefully t wo ba cleriaJyiflg 
.rrrrr. ....... ' '' ■ Jf th ese mo^ 

■ . ■ • . . is necessary {o' 

^ from unusual 

activity of non-motUe organisms or from sluggishness of those 
normally motile. /Excessive Brownian movement” or sudden 


c hanges in surface tension ^ such as o ccur when bacteria from 


• ■ • ses, 

’ ■ >owers oriocomoiion. The 
. may Ve investigate? by con- 

‘ them in a suitable medium 

and at a suitable temperature. 

As very little can be discovered concerning bacteria in unstained 
preparations, apart from the question of motility and of reproduc- 
tion, the methods of ’staining bacteria , are of great importance. 
For satisfactory preparations, clean slides, free from grease, arc 
essential, as the least trace of any oily substance vvill prevent a 
drop of water spreading in a thin, even film. T-hf slides may be 
treated with a solution of*^otassium bichromate in dilute sul- 
phuric acid, followed by washing in water and drying, or may be 
heated strongly m the Bunsen flame. A simple alternative method 
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is to rub the slides well with a sojpiijrloth and then to polish 
without washing off the soap. Iji the ease o f a flui d, whether 
culture medium , urine , ccrcbro-spinal fl uid, or other body fluid, 
it IS on ly necessary to p lace a drop of this in the centre of the slide 
a nd sp read it slig htly with the pla tinu m Iqoq. If the bacteria and 
cells in a fluid such as urine arc few, they may be conc entrated by 
■C en trifu ging, fi lms being made f rom the depos it. Films of puT 
may be sprcadTss^iih a ^atinum loop. A very thin, even filrn is, 
however, desirable, and belter preparations may be secured by 
dipping a cotton wool swab in the pus, expressing the excess 



against the wall of the tube and then “ dabbing** the swab on the 
slide several times, each tim e o n a fr esh_surface. If the pus is very 
thick, or contains small nodules of caseous mat erial, the same 
procedure may be adopted as is used with sputum_ v^Jjaeni ent [s * 
place d on the slide and anothe r slid e. applied to t his; the two are 
t ightl y pres^ed_together, jubbedover-one another, so break ing^ 
down the nodules, and are then d^wn apart. Blood films are 
made by placing a”sman drop oCblood on a slide towards one end. 
The edge of another slide is moved along the surface of the first 
until It comes m contact with the drop, when the blood spreads 
out between the two. The second slide u held at an angle of about 



20 HANDBOOK OF BACTERIOLOGY 

a diaphragm almost closed will assist. 'It may help the beginner to 
focus the bacteria if a mark is made with a grease pencil at one 
side of the lower surface of the cover slip before the preparation 
is mounted. If this is brought sharply into focus and the slide then 
moved, so'that the drop is below the objective, the bacteria them- 
selves should at once be visible. It is necessary to determine 
whether these are motile, or not.» ^rue mojUity must be disti n- 

• « ,• r ^ ■ -■ " . ""Lri. 

• ■— ■ . -licles, and 

. , . . , *byune\w 

heating ! THeTJesTlest Ts to observe carefully t vvo_ba cteiiaJying 
I ■ ’ ’ ’ ■ ' focus at the same time. If t hese 

1 __ _ j_ ; . , , . xhi bit true motility. It is necessary to 

guard against wrong conclusions which may arise from unusua 
activity of non-motUc organisms or from sluggishnes s of those 
normally motile. •/ Excessive Brownian movemep T' or suddgn 
changes in surface tension, such as occur when b acteria from j-* 
solid medium are suspended in water, mav simulate motility, ajld 



and at a suitable temperature. 

As very little can be discovered concerning bacteria in unstained 
preparations, apart from the question of motility and of reproduc- 
tion, the methods of stainin g bacte ria^are of great importance- 
For satisfactory preparations, clean~slides, free from grease, are 
essential, as the least trace of any oily substance will prevent a 
drop of water spreading in a thin, even film. The slides may be 
treated with a solution of ■Jjotassiura bichromate in dilute sul- 
phuric acid, followed by washing in water and drying, or may be 
heated strongly in the Bunsen flame. A simple alternative method 
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alcoliol and clhcr but, more com monly' the film isjlxcd by pa^smg 
Al thrcc.or four times slowly through the Bunsen flame, film side 
upwards. v/3\crhcating will be a\oidcd if. during heating, the 
slide is held between the finger and thumb, and if. after heating, 
the temperature of the under surface of the slide is tested by hold- 
ing it against the sensitive pari of the back of the hand which lies 
between the base of the thumb and forefinger. 3 V^en c ool, and 
not before, it is ready for stajamg. 

Since stains are very liable to soil the bench, staining should be 
done on a rack, over a sink. Such a rack consists of two parallel 
glass or metal rods arranged so as to be absolutely horizontal and 
about 2 inches apart. These may be mounted in plasticine so that 
they are easily adjusted and readily removed On these the slides 
rest during staining, and if heat is required it may be conveniently 
applied with a small torch made by moistening a cotton swab on a 
wire with spirit. s6iling the fingers is avoided by using forceps 
for lifting the slide. 

The stains most commonly used m bacteriology arc solutions of 
basic aniline dves m wa tcf- Many types of bacteria can be satis- 
factorily stained by flooding the fixed film with the stain which is 
allowed to act for a period ranging from a few seconds to several 
hours, depending on the intensity of action of the particular stain 
used and the type of bacteria. vAfter staining, the slide is thorough- 
ly washed with tap water and dried by blotting. For this purpose 
fluflless blotting paper or filler paper should be used A bed of 
several sheets of the paper is made on a smooth table, the slide 
IS laid on this, film side upwards, and is covered with a pad of 
several sheets of the absorbent paper whichds pressed into contact 
with the film with the edge of the palm. ^The paper must not be 
rubbed^on the slide as this would remove the film. The same sheet 
of paper should not be used for drying another preparation since 
minute portions of film can thus be transferred from one slide to 
another. The film is then dncd>y waving the slide over the flame 
of a Bunsen./rt must be completely dry before immersion oil is 
applied to it. 

Tn t he _case of some bacteria w hich jtaig^tlL-difliculty, the 
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30’’ with the first and pushed slowly over its surface. The blood 
is drawn along with the upper slide and produces a thin film on 
the surface of the lower. 

To make a film from a culture on-SoIid medium, a drop of 
water is placed on a slide with the platinum wire. The wire, after 
sterilisation and cooling, is allowed to touch the culture, a small 
portion of which adheres to it. The wire is (hen rubbed in the 
drop which is spread out to form a film. Great care must be taken 
to avoid adding too much culture to the water as the chief error 
likely to occur is to maTcc the suspension far too thick: it, should 
be but faintly opalescent. Beginners sometimes find it hard to 
understand why tap water, containing bacteria, may be used m 
preparing films, but must not be added to cultures. Let us suppose 
that the water contains 100 bacteria per ml. A platinum loopfu’ 
added to a tube of broth would probably contain two bacteria 
which might grow in the broth when it is incubated and so con- 
taminate the culture-^6ut if a loopful were used for the prepara- 
tion of a film, the latter would probably measure about 4 sq. cms. 
The field seen with an average oil immersion lens measures about 
0 0002 sq. cm,, that is I /20,000of the area of the film.'^rom this it 
follows that one of the two water bacteria introduced would be 
seen in the examination of something like 10,000 fields. The 
chances against any bacteria present in the water being seen in the 
microscopic examination of a film are, then, very remote. 

Films, however prepared, must be dried and then fixed. Drying 
is best carried out at air or body temperature (in an incubator), 
protected from dust If the amount of fluid taken is large the 
film will take a long time to dry, and there is a great temptation 
\ ' to hasten drying by heating, which is one of the commonest causes 
' of the unsatisfactory films frequently made by students. The 
most that can be allowed is to wave the film about, high 
above the Bunsen, where the fingers are not uncomfortably 
heated. 

When the film is dry it is fixed, so that the bacteria and cells are 
made to adhere firmly to the slide. This may be accomplished by 
the use of absolute alcohol or a mixture of equal parts of absolute 
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alcoho l IS Ncry pron e to remove seme of thr'stam, excess of water 
may-bc-rcmo\cd.by-carcfuLbloUing_ag^c^^ration of sections 
may_^ accomplis hed with a nilin e oil, anilinc- xylgl. and ihcn 
xylol. A fes's^rrerfect, but Tufticicntly good method for most 
purposes, is to blot the section, allow to dry m air and clear in 
xylol. It IS then mounted with a coxcr slip (No 1) in Canada 
balsam. 

In the directions for carrying out \arious staining methods 
given below it may be assumed, unless the contrary is stated, that 
films arc dried and fixed by heal previous to staining and that, at 
the end of the operations described, the film is dried by blotting 
followed by moderate heat 


Indian Ink and Nigrosln 

One of the quickest and simplest methods of dcl crnuning t he 
y morphology of bacteria i s not, strictly speaking, a staining method. 
A^^ n it bacteria arc rend ere d visiblc junytaincd against a dark back - 
ground. A'his_backgrQun(Ljnav-be-composed of Indian ink 
(Higgm’s W'aterproof ink is satisfactory) orj>f^nigrosin. 

a drop of a I . 2 dilution of the mk or of a solution of 
Jj/'ifigrosin on a slide is added a loopfu! of the material containing 
the bacteria. An even suspension of these is made in the fluid 
which is spread out with a platinum wire The film so formed is 
allowed to dry and then the bacteria are fixed by passing the slide 
through a flame. The preparation is examined with an oil- 
immersion lens ylfij^an advantage rather than a disadvantage to 
have a somewhat uneven film as a portion may be selected for 
examination presenting the best contrast between the dark back- 
ground and the unstained bacteria 

An aItern^(iye,rne{hod is to prepare a film of bacteria in the 
usual way, fix and, if desired, stam and then to spread over the 
dry film a drop of Indian ink or nigrosin solution, spreading being 
done with another slide in the same way as a film of blood is 
spread 

Bothjndian ink .and nigrosin have disadvantages. The former 
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often applied successively fo the same preparation. Jn_<Qme cases, 
^certain portions of a bacterium have a special alTinity for one 
staJn,_othcrs. for anothcr*-so-ihat, by staining first with one and 
tliciuvii;ll.thej)thcr^contrasl in colour between different portions 
of the orf?anis m i<^htamgd . The special staining methods, such as 
Neisser’s, used to demonstrate the c fanules-Qf.X'. 
samples of this type ^ double staim'ng.St/ffi anotherType, the 
basis is not the ease with which a portion of n bacterium can be 

stained but the fastness _\ri t h w hich -certain-orcanisms.. once, 

stained^-xctaiiuliic-Slain. *^fterjrcalmcnt with a stain of one 
. colour the slide is t reated with alcohol, .acid or pthe.r decolojlsiPg 
' agent which remo^s the slain from some species of bacteria but 
} not from others.'M hen the film is c ountei;»jtaincd. that is stained 
with a stain the colour of which contrasts with that first uscd...The 
organisms decolorised by alcohol_or acid .are stained by th® 
/■ second stain. Examples of this form of d ouble stninin g-a re-Qratn s 

The film, after staining, washing and drying, may be mounted 
m Caaada_balsam with a cover-glass (No. I ) but, unless permanent 
preparations are required, it is more usually examined unmounted, 
a dr op of o il being applied (o it and the oil-immersion lens used. 
fiC it IS desired to keep suefta film, the oil may.be rcmo\ed ^ith 
xylol and the film stored dry, protected from dust. 


such scions are described m textbooks of histology and pathol- 
ogy. stain a p araffin section, it is necessary to remove the 


ogy. stain a paraffin section , it is necessary to remove the 
paraffin completely wiin xylol and this in turn with alcohol. 
After_washing with water, the section may be stained as described 
for films, but it is advisable to incrca^^he time given to each 
operation, especially decolonsation-where-rhat is necessary. As 
the usual hist ologica L process of dehydration \vith_jibs2Iute 
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Neutral Red 

Stain films for 2 to 5 minutes and svash with water Used 
chiefly as a counter-stain in Gram's method. 

Neutral Red and Carbol Fuchsin "'Tj 

Stain films } to I minute and_wash with water One of the best-— 
counter-stains in o ramS Tnetlidd particularly for the identification 
of gonococci in pus. 

Carbol Thionin Blue 

Used chiefly for sectio ns. Stain for 10 to 15 minutes. After 
washing in water, treat for a few seconds with 1 • 1000 acetic acid 
and again wash m water. * tfactenn. which aonc ar oumle. contrast 
well wi t h the blue tissue cells . 

Bismarck Broun 

Not used for films except m Neisser’s method, and as a counter- 
stain in Oraci^n d the Ziehl-Neels ca-methods. Stam films or 
sections S minutes and wash in water. Dqesj ioigyerstain-Cells. 

Double Staining / t 

Gram’s . Method 


first steps in its identification^^n Gram’s method the organisms 

[^re • ■ ■ ’ • ’ ’ , . > . - j 

@ re th( ■, 

n alcoho . ■ ■ .j . ^ ' ' 

are Gr . . . • • „ 

\ lose the violet colou r.\^ _couptcrstain is used in order to stam 
' Gram negative organisms and any ceils present. A complex has 
b een isolated from Gram positiye ba^ena wh ich has not been 
found in Gram negati^ bacterid. complex, which consists 7 

■ ■' 'OJjX 


of ri bonucleic acid, protein and magnesium. may be the cause c 
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givc'' a granular background and K liable to contain bacteria: the 
latter is a powerful decoloriscr./fcmoving stain from bacteria 
unless the period of contact before drying is very short. 


Simple Stain*; 

Below arc notes on the use of the more common simple stains, 
the formula; of which arc given in Chapter XLVIJ/. Since many 
of these st ains a re liable to precipitate when kept, it is good 
v''practice always to filter a stain on to a slide. Small funnels fitted 
with filter papers may be used for this purpose. 

LofRcr’s Alkaline Mcthjicnc Blue 
) v/^ tain flInis_f QL 5_minutci .^cctions for a rather longer time, and 
wash with water. This staiiTiT particiiiarjy useful for staining 
films for the detection of C. tlinhthci ia^ An old stain which has 
developed polychromatic properties is very good for this purpose 

I ,* . • . . t . • '*1 with 

. ^ ‘ n for 

, 'se it 

should be followed, after washing, with''-!^: 1000 acetic acid 
solution which removes more colour from the tissue cells than 
from the bacteria. Washwell with-water after theacid treatment. 


Cr>stal (or Methjl) Violet 

A very intense stain. Stain films for 30 seconds or less and wash 
with water Used mainly in Gram's method. 


Carhol Fuchsin 

Too intense to use as a simple stam as even 2 or 3 seconds 
treatment overstams Used mainly in the Ziehl-Neelsen method. 


Dilute Carbol ^chsin 

Stain films for J to 1 minute and wash with water. Used chiefly 
as a counter-stain for films in Gram's met hod. 
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until fresh alcohol rcmo\cs little or no Mold from the film Onl> 
practical experience will teach how much waslung Wiil .‘'cohol is 

p:i~- — ; — - I • • jLjuire 


^Thc film is then counter-stained . The object of ihi- is . - 
render \isiblc Gram nega tive bacteria and cells from whkh tl*<. 
^cohol has remoxed ihc_\iolct colour. The counter stan muu 
contrast in colour with the xiolp^of Gram positive bacteria a ^ 
should not be too intense, ^ ^51lu^e carbol fiichsin. neutral red . 
n^ t al., rc d- v .iU tcar bQ l . fu c h sin or-BismarcLbrown may.bc.uscd, 
the times of staining being the same as for simple staining given 
abovc>^f these the one_mo st commonly used, dilute carb ol 
t^ch^igLis probab ly^thii-wocst> as the ^ntrast between it and the 
violet is not always very marked combination of neutra l 
red and carbol J^chsin is a go o d cp^ter-st am. ^VluttLaltenTionis 
direc ted mainly to Gram positive bacteria, and the Gram negative 
bacteria and ccjls a7c~bntflfRjr1nTpofIancc, Bismarck brow-n is 
veryjiucful. v> vof the detection of gonococci*Tn**finns'of pus j 
Bapnenheim^s sta i p fegnmm«»n dedas t he counter-stain (j 
8. Wash with water. 

^For section s, the method as far as step 6 is only slightly modi- 
fied. in steps 1 and 3 double the limes given should be allowed. 
Decolorisation (5) requires a very much longer time than for 

films. It is advisable, after decolorisation, to treat the section 

with ^acetone for a few seconds as this removes crystals which 

occasionally prove troublesome. Counter staining may be per- 
formed with 1 per cent, alcoholiacosin for 2 or 3 seconds or with 
Bismarck brown for 5 minuTcV”* Dilute carbol fuchsm should 
not be used. 

Excellent practice is afforded in the technique of Gram’s method 

by making films of a mixture of a staphylococcus and Bac( colt. 

After sometime it will be found possibl^to produce a film in 
which alf*^ the cocci are violet and ail the bacilli red o r brown, 
depending on the counter-stain used In examining preparations 
stained with Gram’s method it is of importance that the dia- 
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the characteristic reaction to the stain of Gram positive organisms. 
It cdirbirrernovcd'from’tlic'bactcria'by treating them with 
and may be restored to the organisms, xigain rendering them Gram 
positive. It cannot be so applied to Gram negative bacteria. 

Gram’s method is one of the most difUcult of those commonly 
employed, but the technique must be thoroughly mastered before 
any advances can be made in bacteriology. <^he difficulty most 
usually encountered is in the dccolorisation. Most bacteria are 
definitely positive or negative but, with a few, the result may be 
doubtful since they appear positive if decolorisation is curtailed 
and negative if it is prolonged.^he real difficulty here is not ir 
the staining, but in the preparation of the film. If this is unevefi; 
thick in one part and thin in another, a good result is practical!) 
impossible since, if the thin parts are correctly treated with alcohol, 
the thick portions are not sufficiently decolorised, while, if atten- 
tion is paid to these, the thin parts will be over-decolorise'd. .Mos' 


n 


unstable stain which only keeps for a few days, and a weaker 
lodinc-solution were employed, but the one here described, that ol 
Jensen, is probably the simplest and most reliable. 

'Oj Stain with crystal viole t i minu te.^^P<^f,f 
Rinse rapidly with water. / 

Flood with Lugol’s iod ine and leave the solution on the 
slide for 1 minute. 

Pour the"iodine solution off the slide and shake it so as to 
fjee It as completely as possible of the solution. 

V 5 j Th^Im IS then rapid ly flooded with alcohol, the flooding 
being^Vice repeated to remove all~ti^e^~gfipdirig'vvfthpurdelay 


It js then co vered with a lcohoy aud^ocked , as is a photographic 
plate during development.v^Tie alcohol mkes up somejof the 
viqlet.colour-and, when this occurs, it is poured off and replaced 
with-fresh, /^e_whole washing process is repeated several times 
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if the pink colour returns, the acid alcohol is replaced. It may be 
necessary to alternate acid alcohol and svatcr scscral umes before 
the film has been sufficiently decolorised. 

/ Tubercle bacillLa ppear_bri.ght red an d other bacteria and cells 
the co lo'uf 6r llie'cbunlePslaIn usedr'y, ' 

^ ScctionraTc'slaihcinn' thT same as films 


The method may be used for'* otyr acid«fast.bacte fia.but. smee^^, 
r nany o f these are acid- but_not“aItQholriasu.ncilhcr jilcoh^l* 
(Ttep 5}*n^fnhc aTtefnative ^ ac^d . alcohol . shb^i)d ^It7^_Th ^se| 
ot a jcohol IS impor tant wh^ 'tubefcIciracill iTre being looked Tor 
^t_decoloriscs many of the baciliriScly ^ cause confusion.^ 
g ood rule to rcmem^icr when using the Ziehl-Ncclsen method^ \ 
f o"dem_o nstrate tubercle bacilli is that It Is pr actic ally impossible 
cither to o\cr-stain with fuchsin or to o\cr^dccolorisc with acid 
or alcohol. ' 


Stains for C. diphtheria • • 

In the identification of C. diphther ia, it is always advisable to 
use Gra m!s stain since the organism i TCram positive, a point of 
conMiierable value in identification, *but this stain obscures the 
• • — bac- 


/ 


IS it 
the 


/ granules . 

In addition a number of other stains are commonly used. All 
of these demonstrate the granules. 




Neisser’s Stain 

1 . Neisser’s methylene blue— 3_inmutcs. .J-o " 

2. Wash rapidly with water. 

3. r />»ntgr stain. A great variety of counter stains are used: 

id^ Bismarck ^own— 3 minutes 

this stairTi s not infcase, it d oes not_tend,tQ obscure 
\ the granules w hen the se arejiporly developed, 

(&) Ch'rysoiHm^l minute. 
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phragm of the microscope should be widely open as the distinction 
between Gram posjti^and negatiwTiacteriaris'more apparent 

vary in^ e jsgree to 
• , , iecolorisitio n. »^ls 

. ' ■ ^ "" ■ bacteria b*ut also on 

the age oT the culture. Young cultures, especially during the 
stage of active i^ltijilication, tend to be strongly Gram positive, 
while cultures 48 hours or more old tend. to become increasingly . 
readily decolorised. 


Ziehl7Neels€n«IVfethq<Lfor 

1. The fixed film is covered with the stain (carbol fuchs in) and 
heat applied below the slide either with a smalTTlarne of the 
Bunsen, a'Tplrir'fSfhp, "br^irit 'to^rch. The heating should he 
sufficient to^use steam to rise, but boiling the stain must be 
avoided. Staining should ia^ for atJ$asy0.minutes,Jieat being 
appjlcd-cccasionally. Care must be tak^ to prevent the Stain 
drying on the slide, fresh stain being added if necessary. 

2 . Wash well in water. 

3. Flood the slide with JO p er cent, sulphuric acid in water and 

leave on for l of 2 Tnimitf^A> 1 rrtBgrreid'thejMnk-colour..changes 
to yellow or brown. ^ 

4. Wash in wa ter._The^Din k_colour n^y retu rn. If so steps 
(3) and (4) ate repeated as many times as necessary, un ^l4he 
h_as not more than a faint pink tin ge. 

'^rWash in alcohol I mmuie. 

6. Wash in water. 

7. Counter stain. L6fllcr*s methylene blue applied for i minute 
is commonly used butthS^sm^^ good'cbunter stain as^ with it, 
cells are so intensely stained as to render diflkult the detection of 
small numbers of tubercle bacilli. Recommended alternatives are: 

Malachite green * . . .1 minute 

Bismarck brown ... 5 minutes 

8. Wash with water. 

Steps 3 and 5 may be replaced by treatment with acid alcohol. 
After treatment for ^minutes, the film is rinsed wjth'water and. 
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if the pink colour returns, the acid alcohol is replaced It may be 
necessary to alternate acid alcohol and winter scNcral limes before 
the film has been sufficiently decolorised. 

Tubercle b3cilli_a Di>car bright red and other bacteria and cells 
the colo"urbrihc''c'ountcr‘^ain usetT /, 
bccnohra'rcYtaihcSTtrthe^Sne'u^ as films. 

The method may be used for'^t ^ acid^fast .baetenn.but, strict 
many of .these are . r ' ‘ • 


^ good rule to re member when using the Zichl-Neciscn method 
t o dem onstrate tubercle bacilli'is that it iisjractically impossible 
either to ovcr*slain with fuchsin or to qvcr*dccolorisc with acid 
or al^ hoi. — r- - ■ 

Stains for C. tUphiherict • 

In the identification of C. titphtheritf, it is always advisable to 
Gram!s stain since the oirgani^ i s^Gram p ositive, a point of 
consicfcrable value in identification, 'but this sTam qbscures the 
— *..i . . s — bac- 


•/ 


as It 
the 

granules . ' 

In addition a number of other stains are commonly used. All 
of these demonstrate t he granule s. 

Nelsser’s Stain 

1. Neisser’s methylene blue— -3 minute^ 

2 . Wash rapidly with water. 

3. C ounter stain. A great variety of counter stains are used; 

(а) \ Bismarck brown— 3 minutes. 

\Smce this staiiT is not intense, it does n ot _tend_to obscure 
V the granulerwhen these arcj;>oorIy developed. 

(б) Ch'rysoidlrP^I minute. 
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■^2 

I') Safraiim — 2 mmulcs. 

( /) Lofilefs methyle ne blue — 3 minutes. 
rhc~combinat ron of tli c tuo mcUiylcmf dIucs is used by some^ 
ba ct^iologl5 tsIa&-4hc^oinTnc~ slain for llic flflec(ion ~dr t^/<M^ 
r/jerwjjLCulture^ It rcvealslwiH tfic' niQt^hoIogjnsrthc organism 
and thcyf^anulcs. The results arc impros’^by treaiing the film 
wit FlXpoi's io dine for 1 minute and washing with water between 
stepsTand3. 

Albert’s Method (modified) 

1. Tolmdin bluc*malachite green — 5 minutes. 

2 Do not wash ofT. Blot, dr>'. 

3. Lugol’s iodine — 1 mmutc. 

4. Do not wash oflT. Blot, dry. 

/This IS a good stain for grarjAilcsjivIdch are staincd -blue-blac k. 
'(nabodics_DLthc bacilli being. Wuc. 

Pugh’s Stain 

This stain is used in a peculiar w'ay. 

1. Place a drop of the stain on the fixed film. 

2. Cover with No. 1 cover glass. 

3. Examine with oiUimmersion lens. 

Granule arc_bUi^; the bodies of the bacilli arc almost unstained. 


Methods of Demon^rating Spirocluctes 
Some spiroc’’'***'**' Un c 

stmpk stains; • 

^tider^ visib . . 

Tr. pallidum, require special methods. 


ifd with 


J: 


Indian Ink or Nigrosin 

By the use of one of these, spirochetes may be rendered visible, 
standing out u nsta ined against ajlark background. 


iL y^o ntana!s^ Tcthod 

This IS probably the m^t satisfactory method of demonstrating 
spirochetes m films, ^t is a silver impregnation method, the 



3 ^ 

BA-CTERIA. as SEHN with Tire OIL'I'IMEBSION lens. 

1 Staphylococci in pus 4 Pneumococci stained to show capsules 

2. Gonococci in pus. 5. Cl. telam stained to show spotes 

3. Tubercle bacilli in sputum 6. B anthratis stained to show spores. 
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(c) Safranin — 2 minutes. 

{d) Loffler’s methylene blue — 3 minutes. 

The~combinati^ ol the two methylene ulues i s used by some _ 
ba ctenologis tsuas^h a^r^ tm^sfain 'for the getection o rCro iph^^ 
th pnre in cul ture^;. It revea1k~botHlhchiQ rpKo lb~gy'^^^ organism 
and the/franules. The results are improved'ByTfeaTingTHe'filni 
with Uigol's iodine for 1 minute and washing with water between 
stepr2”anci 'J. 

Albert’s Method (modified) 

1. Toluidin blue-malachite green — 5 minutes. 

2. Do not wash off. Blot, dry. 

3. Lugol's iodine — 1 minute. 

4. Do not wash off. Blot, dry. 

/This is a good stain for granulesayhjch are stained^felue^blaclc. 
-the bodies oLthe-baciHi-being ^ue. 

Pugh’s Stain 

This stain is used in a peculiar way. 

1. Place a drop of the stain on the fixed film. 

2. Cover with No. 1 cover glass. 

3. Examine with oil-immersion lens. 

Granules ar e blue; the bodies of the bacilli are almost unstained. 

Methods of Demon^rating Spirochsetes 
, Some spirochietes, such as^ <^. vin cmtiL j:i3iX\ be stained with 
simple stains; others, such as those of th ej^aosinp fevers, can be 
^ndered visible by Leishroan*s stain ; but a number, including 
\yTr pallidum, require special methods. 

Indian Ink or Nigrosin 

By the use of one of these, spirochxtes may be rendered visible, 
standing out un^ined against ajJark background. 

This IS probably the most satisfactory method of demonstrating 
spirochailes in films. It is a sijvcrjmpregnatmn method, the 
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pi ^hx tes being rendered h v'thc <fepcsilion of m eullic 

nver ojiJ_hcl r_surraccs. which males U>cm appear much coarser' ■ 

Kan they rcatlTTiTr: — ' 

1. Dry film without heat. 

2. Fit in acid formalin solution for about 1 nuniitc. the reagent 
xing renewed three times during this period. 

3. Wash well with water. 

4. Treat with m ordan t for I minute, gentle heal being applied. 

5. Wash well with water. 

6. Treat with silver solution for 1 minute, gentle heat being 

applied. '■ — — . ■ - 

7. Wash well with water. 

M^Qchates are staine d dark b rown or black. 

/ I he s ^Ncr soluti^ should not be kept for more than a few hours 
as, if kept tor a longer time, a brown precipitate may form and 
^nis is a most violent explosive. 

Lesadlti's Method 

This is also a silver imnreg natinn m^thcut but, since it is applied 
and not to individual sections, it is not here 
describe^. The treated tissue is embedded m paraffin and sections 
are cut. These, when fixed to slides, merely require to be freed 
from paraffin wax with xylol and mounted in Canada balsam or 
examined in oil without a cover glass., Spirocha:tes appear black 
snd tissue cells bro wn, U is almost tlic only satisfactory method 
for the demonstration of spirochxlcs m organs removed at post- 
ntortem examination. 


Capsule Stains 

Hiss’s Method ' ~ 

This method is most successful when a pplied t_o_films_fresh1y 
made fro m infected bg dy fluids. Jt demonstrates thet^apsules_of 
..gry wptl in th«i^Mood pr^eritoneal _lluid of an 
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(6o) Spread a thin film of nigrosin o\cr the film v'lth another 
slide. 

(7fl) Dr>' rapidly. 

In this modification, the red spore s. contrast wth the un''4inca 
bodies of the bacilli. 


Other Stains 

Leishman’s Stain 

This stain is particularly useful for the demonstration of 
organisms such as s pirochxtcs , majgjjajjaiasitcs and tiypnnn- 
jomes in blood , and of Past^Hrstis in blood and bubo fluid . Thin, 
even films are prepared and allowed to dry without heat. 

1. Cover with stain. Leave I minute. TTiis fixes the film. 

2. Add four limes the volume of distilled water, mix, allow to 
aci for 10 minutes. 

3. Wash thoroughly in water. 


P^ppenheim’s Stain 
Stain films for I minute 

V*- «' « V 


^K^wash ofi’ wnil)X^er. This stain is 


JJ „ 
b 

nuclei o _f_cells are a blue-gree n colour . T>ris stairi may be used'as 
a counter stain in Gram’s mcthod.\^ ,.^e red gonococci contrast 
with-ah e. purple su phylococci and Mrcptococci and the'^lue- 
greep cells , ' 


Fluorescence Microscopy 

If bacteria are stained writh fluorescent dye and examined 
microscopically, ult ra-violet rays be ing used instead of ordinary 
light, they fluoresce and so become visible as bright objects in a 
dark field. 

■ The method has been used chiefly for the detection of tubercle, 
bacilli in fil ms. Films, which must be thin, are best made on slides 
oTspeciaTglass permeable to ultra-violet rays. They arc fixed ns 
usual, stained in auramme for 15 minntex nt air temperature, 
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1. Crystal violet with heat — | minute. ^ ^ 

2. Wash olT with a 20 per cent solution of cop per sulp hate: 

y 


do not use water. 
3. Blot and d^. 


^ tamed, it is im portan t that only the mimmum amount oi iieauu^ 
he employed for fixation and during staining^nd |hat the 
/shortest possible time, preferably not more than 5 seconds, should 
elapse between the addition of the copper sulphate solution and 
The complete drying of the film. 


Nlgrosin Method 

1. Crystal violet or carbol fuchsin with heat — J minute. 

2. Blot and dry, 

3. Spread over this film a thin film of nigrosin, using another 
slide as in preparing a blood film. 


4^ry. 

,^^rosin decolorises the capsules so that the bodies of the bacteria 
are seen coloured with the stain’uscd and surrounded by ^nstai ned 
ca^yles- 


Sporc Stains 

Mbller’s Method 

1. Carbol fuchsin with heat — 10 minutes. 

2. Wash with water. 

3. PecoIorLs e with 5 per cent, solution of sodium sulphite— 

^ minute. ' 

4. Wash with water. 

5. Counter stain Loffler’s methylene blue — 1 minute. 

I 6. Wash with water. 7 

I? S pores are stained bright red, Vroto plasm blu e. The optimum 
f time for step 3 must be determined by trial as spores of some 
bacteria are more easily decolorised than those of others. An 
alternative method is to substitute for steps 5 and 6 
(5a) Blot and dry. 
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STERILISATION 

cultivation o f bacieria we ha\e jwo cardinal pu. 
requiring attention— the preparation o f food-material and th«. 
exclusion of extraneous organisms . Of these llic latter is of such 
fundamental^ importance ihaMt will be dealt with first. Sii^nh^- 

Llroyf«;l, be accomplished in a variety of ways, each of 

'vhich has its uses in the laboratory. 

// ♦ Sterilisation b> Heat 

This is a simple and satisfactory method which is capable of 
^being employed in many ways. Contaminated paper or dressings, 

. bodies of infected animals and the like, arc rendered harmless b;^ 
' ) i ? mni oe. Small pieces of apparatus, sui^h as platinum wires and 
forceps, t ' • '• • • • • ' ■ 

the flame • 

capillary ' • ■ 

j flaae. When thc_flame begins to become yellow, which indicates 
that fusion is about to commence, glass is certainly sterile. 

Larger articlcs_of glass — lest tubes, flasks, Petri dishes — as well 
, as^coUon w^ol and paper, cannot be slerilis^iTin this way. For 


yexoosure at iho l oi j imu. j i> p.u,oi.,viO, u> nu* causes, less 
destructiori"oro^sanic.material such as paper or cotton wool. 
'Glass v«scls must be put into the chamber before Tni heated, 
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\\a'^hed with water and decolorised with a special acid alcohol 
applied twice for !i minutes on each occasion. Finally they are 
well washed and dried. No_countct^tain is uscd.v ^ince glass 
filte rs off much of the ul tra-violet radiation, the condenser should 
preferably be made~of" Quartz. but quite good results may be 
obtained with an ordinal glass condenser. The usual high power, 
dry objective (I;’6 inch) and eyc-picce arc used. 

The rays from a mercu ry vapour lamp , filtered free of visible 
light by passing through"Wood’s glass and from red and jnfra-rcd 
rays by passing through a 4 per cent, solution of copper sulphate, 
are directed by the mirror and condenser through ihVTtained 
film. Any tubercle b acilli present fluoresce and so become visible 
wheni magnified by the normal optical system. They sh ow up as 
lumin ous ro ds i n a dark field . Since the 1 /6 inch ^e^tive is used 
in this method, a much largcr'arca of film and, therefore, a much 
larger amount of sputum can be examined in a given time than 
by the usual method. yl^ence it is less likely that small numbers of 
tubercle bacilli in a specimen of sputum will be overlooked by the 
fluorescent method than by the ordinary staining methods. On 
the other hand, since /omc obie ct£_Qthec.thaD.(uberc?e bacilli may 
1 fluoresc e wjien stained in this-way,ji positive result should be con- 
firmed in a preparation stained by the Ziehl-Neelscn method. 




STr.RJLlSAT10N •' 

of the water. The.stcamcr i s used fnr «tt.>riiK iu.m of jncdia or 
other materiaL^ An exposure to a temperature ot In' 'or a few '' 
minutes is su fl kjcn t t o ki ll all non-sporinj; bacteria, bu : must' 
remember that sornc time is needed for steam to heat . e fluid 
contained in a large flash to its own temperature For th . reason , 
vessels of med ia are generally left in the steamer for 2ii lO JO 
m^utes after the watcrjias 


commenced to boil. Snores 
are not all d estroye d hy ' 
stcaipfng but, hv the m ethod" 


.the^vesseUbcing kept at air 
temperature .between each 
exposure. / The principle is 
that theMirst steaming ^ kuis 
^jl.lfig eiative form sT^^thc 
interval between this and the 


next exposure any spo res pre* 
sent assume the vegetative 
t^m, and these are kill eo^ 

third hcatine is an additional 



Fig 9 — Steam Steriliser 
(Arnold Pattern) 
(Affjjri Callenkamp ) 


precaut ^ Q n. ^he same intermittent method may.be applied at 
*2S?rJemperaturcs than that of steam, e.g. SO’.^In this case the 


numbcrofexposurcsisusuallyincrcascdtofiveorsix. Themethod 


must be made o fV>^steudsa.tign. T^is process, which is chiefly. .. 
used for the treatment of milK, consists in keeping the fluid at.a' y 
temperature of 63° to 65° for half an hour. While not sufficient •*/ ' 
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and left to cool in it, as rapid chaj)ge in temperature is very 
liable to crack glass. 

Moist heat is a much more efficient agffltJn.kiHing bacteria 
t hai^s .dry- he at. It can be applied bv^boiling. as is done for 
syringes, surgical instruments and other small pieces of apparatus. 
F ive mm utesU?oilin g will kill all non»spori ng bact eria and the 
jna|nritv of s pores , but fof -Cp mplete destnictjon of all bacteria 
1 hour or more i s required. 



taining some water in the bottom. This water is boiled by means 
of electricity or gas, and from it steam rises and^fills the vessel, 
escaping through a smaH’opening near the top. The newer steam 
sterilisers, such as the/ArnoId, are an improvement on the old 
since steam can be raised m them in a few minutes. Flasks or 
other vessels rest on a perforated shelf situated above the level 



STFRILISATION 




of ihc w-atcr. The steamer is_u sed foc-itculi:>ation.Qf.m cdia or 
other matennl^ / Vn exposure lo a temperature of 100 lor a 
minutes is su fltcient to kill al l non -sporing bacteria, but oi-c must 
remember that some time is needed for steam to heal tuc fluid 


contained in a large flash to its own temperature For this reason ^ 
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fo sterilise, this is sjifl^ient to kill most of the_pMhog^ic bacteria 
hkely to occur in milk. < 

The next method is by the use of th e'autoclave, which is a very 
strong boiler with a lid, which can Be hermetically seajed. The 
autoclave, which must be provided with a*'pressure-gauge, a_yalve 
for releasing pressure and a safety valve, contains' water in the, 
bottom. The vessels are placed on a perforated shelf and the lid 



Fig 10. — Autoclave. 

{Messrs. Baird and Tatlock {London), Lid) 


screwed down. Heat, provided by electricity or gas, is applied 
and when the water boils steam emerges from the val\;e. It must 
be allowed to flow for a considerable time in order to_^expeljiU 
^aiTj^or the pressure-gauge acts also as a thermomete r, but its 
readings are unreliable unless all air has been expelled. This can 
^'judged by leading the escaping steam by a rubber tube to a 
bucket of water. If there is no bubbling, all air has been expelled. 
The valve is closed and the pressure in the^tenor, as indicated 
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^y-!^C-6^uSC» The greater the presbure thi. l'' >.’her is the t 


tempera ture; 10 l bs, pressure per square inch cum\..u vllS 
An exposure tojliiUempgratUfcJor lS minutes \\ il l ki'l ^ ij!v 
all known forms of life, yhi*; tcmpcraitirc shouIdjji L bL-exc.. di.d 
o _wing to th e harmful cfTec t of htph temp erature on man\ i . oi^ 
nisdium— After the requisite time has clapseTnTiwtTng is s .. . 
and the apparatus allowed to cool. The vahe must not bs 
opened until the internal.prcssurc is the same as, or below, bat 
of the outside air, as othcr\\ise the fluids .will boil violentl) anu 
expel the plugs from the lubes or flasks.^^ic \ahc should always 
be opened gradually before the lid is unscrewed m order to admit 
air.tq.the_vacuum__in the interior. Before use it is essential to see 
that the apparatus contains suflicient water, both to avoid accident 
and also to prevent the steam from being superheated , since 

Watcdjicam^"^utoclaving is the quickest and most certain 



never docs.good, but is frequently harmful. 

li". Sterilisation by Chemical Means 
Another method of sterilisation is by the use of chemical disin; 
fectants..^This has a small role in the preparation of media, but is 
extensively used in the laboratory for the disinfection of con- 
taminated material, small pieces of apparatus and the hands. Of 
the commonly used disinfectants, lysol (2 per cent.) is probably 
the most useful and reliable. 




Other Methods of Sterilisation 
passage of an electric current^has been used as a method 
of sterilisation in some cases, but it is probable that the effect is 
d ue eithe r to heat or to the liberation of chemical substances,^ 
such as chlorine, and not to electricity per se. 
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The foregoing methods alt have for their purpose the killing 
' of bacteria. -' T'he remaining method of steriiisati on is one by 
.vv^ich.^g^Stia, whe ther dead o r jilive, a re removed from flu ids 


I 

} uecoioacieria A i tii&procesis oi siermsaiwn 
IS considered in greater detail in Chapter VI. 

Maintenance of Sterility 

Having dealt with the methods of steri» 
lisation, the next question is how to prev ent 
bacteria from the air e nteri ng aopara tusjr 
fluids which arc st yfl^. By far the most 
useful method is tej^lugging th e mouths of 
tubes ancMlasks with hoa»abso rbent cotton 
wool. t/ ^royided_J he^Qttpn,.is dry, no 
baytpria_ c <p pgngtrntp— itirniigh iU-mteia- 
itices.>/ff It is dampj^^ however, certain 
rnicrO'Organisms,*particuIarIy moulds, can 
grow through it and contaminate the 
material within. Test tubes and flasks, pre- 
/pared to contain 4nedia,_ s hould be plugged 
'fairly tightl y wit h cotton.wool. and heated 
'^ for 3 to _4_ho urs_at .140'^ in the^hot air 
/ste rilise r. Petn dishes s hould be wrapped in 
paper or enclosed m metal boxes and 
sterilised in the same way. 

The mouthpieces of graduated pipettes 
are plugged with cotton wool. The pipettes 
are placed in long thick-walled glass tubes, 
plugged with cotton wool, and sterilised m 
a hot air oven. The contained pipettes remain sterile until required. 





t-io 11 . — Sterile 
Graduated 
Pipette. 




CHAPTER IV 


THE PREPARATION AND USE OF CULTURE MEDIA 


{Refer to Chapter XLYHl for the formulae of the culture media 
mentioned.) S^-f 

Artificial media for the cultivation of bacte ria must supply car- 
nitrot^ n, hydro gen and oxygen, together ^^lth smaller 
amounts of many other elements, .aj l in assi milable form. j 

^ A commonly used culture me d ium and one 'wBicH'Tor nis the 
Msis of many others is a d ear. stra\v_c oloufcd fluid. called, rather , 

inappropriately, broth . Broth is made by dissolvin g in water, • — 
/(^Pto ^, ne (a mixture of d igestion pr oducts of p rotein), uhjchj.i 
su pplies the as simila^^Ufocea.as..^vel Las some of thc'jhinor .. 
canstit uents. and at Vl^mct of me at, which supplies both MrhoV^^ ' 
hydrat e s. used.a S-Tuel.,and the_restj?Lthe_minor_organic_and 


While the majpjjty of pathogenic bacteria grow freely in broth, 
some of thejpiferc fastidious will not do so, either because the 
..... metabolism 




y 


>l e blood or of . 


-■ . / 


which may be rectified by the addition o fO 1 percent of ehic^ly. 


One of the common est and^niost unBesimhfe of th e prejudicia l 
substances likely _to_be~_fbiind~in Tirottf VS ~co 


, 'copper which \^s Cr*/ ; 


formerly almost alwayy /present in commercial pep tones and 
which, even now, is sometimes found in this material. In the 
preparatiot^of broth by Wright’s jnethod , the peptone is added 
t o the' meat prior to filtration and any copper present m it com* 
43 
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bines with the meat and is removed when the broth is filtered. 
In preparing media it is advisable, as far as possible, to avoid the 
use of metal vessels. ' ' 


^ Additions ma y_be m ^e/to broth which will render it either 
- differenti^ or^electivey^ ^ditre«^n*«-^i med ium is one which con- 
■ ' ' • , ■ ■ ' ' , ';ani^ or group_of 

• ‘ alte ration in th e 
: le to reco g nise t he 

presence, in jhe mate riar c ultured.' .of t his or g anism p r_group^f 
organisim. By the addition o f-1actose and an indicator , broth is 
rendered a differential medium for lactose.fermenting bacteria. 
If these are present, they ferment the lactose producing acid which 
changes the colour of the indicator, if-absent, the indicator does 
not^ange. 

selcctive ^ jTiedium i s_one_whi ch inhibits the growth ^f 



in it, the majority of other bacteria do not. 

' suitable additions, a medium may be rendered both selec- 
tive .and.differcntial. Lactose bile salt bro th which contains an 
indicator is such a medium. Few bacteria other than intestinal 
types grow in it and, if lactose fermenting intestinal bacteria are 
inoculated into it, they grow freely and indicate their presence by 
a change in the colour of the medium. There are now almost a 
bewildering, variety of selective medi a among which are those 
containing'telluq^.Cpermilfing the growth of C. diphthery t and 
suppressing that of most other organisms), -gemian-violet (per- 
mitting the growt^of strept ococci and suppres^ng that o? many 
other organis^ms) and the large number designed to permit the 
growth of imestinal pathogens (such as Salm.JypIn) but not the 
much commoner Bact. coli. 


I > The chief disa dvanta ge of broth as a cul ture mediu m is that the 
■vmajonty of bacteria inoculated into if grow freely and that it is. 
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therefore, almost impossible to obtain a pure culture (a culture of 
oUbactcrium) when it is inoculated with a mixture 
of organisms such as is commonly found in ii^fcctcd material 
A further disadvantage is that, although_some’'bactcria produce 
a c haracteri stic type of growth in the mcdium,.this is much less 
useful as an identifying feature than is the tjpc of colony produced 
by the growth of bacteria on the surface of a solfd'mcdium 
' Bfoth may be conserted into a solid medium by making it into' 
a^idlyj)y the addition of gelatin or agar. Of these agar is far more 
commonly used. Bacteria grow in the depth of or on the surface 
of nutri ent agar in virtue of the nutrients present in the broth 
from which it is made.*>^gar js suflicicntly solid to prevent the^^ 
movement of motile bacteria except on the surface when this is 
moist . The result is that, when a bacterium is deposited in or on 
agar and the latter is incubated, the.bactenum multiplies produc- 
ing^jnass visible to the naked eye. known as a several 

typgs of bacteria arc so deposited, each produces'a separate colonj 
from which* pure cultures of each may be obtained. i 

The size and form o f the colon ies produced by different species 
ofjjacteria differ so widely as to be valuable characteristics 
vyhich they may be identified. 

Agar may be enriched or converted into a differential or a 
selective medium in the same way as broth. 


Reaction of Media 




• • • • live in the__body fluidsj^ ‘2 

\ order, therefore, to get I 

. . essential that thg ^nitial 

, reaction of the medi um should appro ximate to that _oO>lo_od 

' - - . • 3 ascertained with sufficient ^ . 

diiTerzat-pf^Sr The most __ _ 

sulphone-phthalein)jJh£_i_.. _ 

acidity“throirghjie^rajdy to slight alkalinity ..yT^reactioa.of.a. » 
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bines with the meat and is removed when the broth is filtered. 
In preparing media it is advisable, as far as possible, to avoid the 
use of metal vessels. * - - - • - 

Additions_mpiL^ mad^o broth which wi ll render it either 

is one which con* 
nism or group_of 
altera tion in th e 
to recognisej^e 

presence, m thV rhatemf'cul^ rc4.!,pT~th is br gali^i sm o r.group^f 
orgaHsms. By the addition of /Tactose and an indicator , broth is 
rendered a differential medium for lactose fermenting bacteria. 
If thes_e are present, they ferment the lactose producing acid which 
changes the colour of the indicator, if •'absent, the indicator does 
not^ange. 

.iV A selectiye ^ medium i s_one_whic h inhibits the growth of _a]l 


• m it, the majority of other bacteria do not. 

'^'B'l^suitable additions, a medium may be rendered both selec- 
tive .and.differential. Lactose bile salt br oth which contains an 
indicator is such a medium. Few bacteria other than intestinal 
types grow in it and, if lactose fermenting intestinal bacteria are 
inoculated into it, they grow freely and indicate their presence by 
a change in the colour of the medium. There are now almost a 
bewildering variety of selective med ia among which are those 
containing j^uriJe.(permJtfing the growth of ^C diphthei^ and 
suppressing that of most other organisms), •'gentian-violet (per- 
mitting the growth of streptococci and suppres^ng thafbf many 
other” organisms) and the large number designed to permit the 
growth of imestinal pathogens (such as SaIm.Jyphi) but not the 
much commoner Bad. coh. 

\ / The c hief disa dvant age of broth as a c ulture mediu m is that the 
/majorUy of bacteria inoculated into it” grow freely and that it is. 


•differential Dr's 
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clarification (K) discs and negatu'c pressure, is both quicker and 
more satisfactory. 

Filtration of solid media m the liquefied state is usually carried 
out through filter paper but, if slight turbidity is not objectionable, 
filtration may be much more quickly accomplished through a bed 
of cotton wool m a funnel. 

To_obtajnJhcjcIearesLjncdia, white of egg, beaten up with a 
hUlc_\vatcr, is added _t o the.mc dium at a tempcraturc..of-about 
.-50’, two eggs being allowed for each litre o f agar or gelati n Th^ 
minium is then steamed for 1 hour and filtered throu^ paper. 
v/The coagulated albumin entangles the fine particles m suspension 
and. with thpm, is. removed by thcJillcr. 

X — 


steam jacket or inside a steam steriliser. 


Tubing of Media 

The method of tubing media, whether broth, gelatin or agar m 
the liquid state or other fluid must be described, since it is of 
importance to be able to add to each tube the correct amount 
wuhoui the introduction of bacteria and without soiling the upper 
part of the tube into which the plug fits. To the end of a large 
funnel which is covered with a pctri dish to reduce contamination 
from the air is attached, by a short length of rubber tubing, a glass 
tube drawn out to a moderately fine point ‘ The rubber tubing 
is fitted with a pinch cock and the funnel is firmly held in a clamp. 
When It is filled~wtii the medium, the cotton plug is removed 
from a sterile tube by holding it between the third and fourth 
fingers of the right hand and pulling the test tube away from it 
with a slightly screwing motion of the left hand. The drawn-out 
glass tube is inserted about half-way down the test tube and the 
pinch cock released with the right hand, until the test tube has 
received sufficient of the fluid, when the flow is stopped. The test 
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batch of broth is adjusted as follows. '^.lOjnl.^of broth.we add 
0 5 ml. of a 0 02 per cent, solution of phenol red and titrate with 
N/10 NaOH until the colour matches that of one of the standard 
tubes, usually pH To allow for the colour of the medium, a 
comparator box and bfank tubes with broth should be used. By a 
simple calculation the amount of N or 10 N NaOH required to 
bring the whole bulk of broth to the selected pH is easily 
determined. 



of two kinds: those which, when acted on by acids, form weak 
acid salts and those which, when acted on by alkalis, form weak 
alkaline salts.yThe reaction of a buffered solution responds only 
slowly, therefore, to the addition of acid or alk^i. TlfiJuiffers 
most.commonly-used jn jnedia ar^'^ajHP 04 ,‘^aH 2 P 04 and 
'J^aHCOa. '' Amino acids and'other'digestion products of protein 
also act as buffers. 

Filtration 

Clarity of a culture medi^, while not essential, is for many 
pur^ses desirable, particularly in the case of fluid m edia» It 
somewhat depressing to find a batch of broth which appeared 
crystal clear before sterilisation, cloud y aft er heating, ijhe 
^i^ipitate which forms consists mainly qf^phosphates and/it is 
alwa ys found _that,.if a.batch of broth is ma^more alkaline and 
subsequently heated, a precipitate forms. best way of avoid- 
ing this is to adjust the r eaction to the alkal ine side of that 
required, s team and ,filter. 11 the final adj'Q^tment can then be 
efiected by the addition of acid, little or no further precipitate will 
form on sterilisation. 

Such a medium as broth.can be_c!eared by filtering through 
folded filter paper in a funnel but, as the precipitatVis very finely 
divided, the pores of the filter paper quickly become blocked and 
filtration is very tedious. Filtration through a Seitz filter, using 
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clariiication (K) discs and negative pressure, is both quicker and 
more satisfactory. 

Fijtration of solid media in the liquefied slate is usually carried 
out through filter paper but, if slight turbidity is not objectionable, 
filtration may be much more quickly accomplished through a bed 
of cotton woo! in a funnel. 


T o obta in the_clcarest.media, uhitc of egg, beaten up.wilh a 
littlejvatcr, is addcdj o the. mcdiuin at a tcmpcralurc>of.aboui 

•50’, two eggs being allowed for each litre o f agar or gelaj iii. -Ihc 
medium IS then steamed. for 1 hour and filtered through paper. 

✓The coagulated albumin entangles the Jinc particles m suspension 
and, with th^i, is removed hy the Jiltcr. 

/ 


Steam jacket or inside a steam sicrihscr. 


Tubing of Media 

The method of tubing media, whether broth, gelatin or ag-ar m 
the liquid state or other fluid must be described. ' 
importance to be able to add to each tube the corre . 
wfthout the introduction of baclcna and 1 i^rge 

part of the tube into which the plug ^ 

funnel which is covered with a pcln dis tubing, a glass 

'i ?’„*'^„;Semtelvfine^po.nt. ■ The rubber' tubjng 


rom a sterile tube by holding j ,u 5 e away from it 

ingers of the right hand “"2“"X','’;r,Ta„d, The drawn-out 
vith a slightly naif-way down the tesl lube and the 

’lass tube IS inserted a ^ tube has 

^“tedlufflclrnrof Ae flutd. when .he how is s.opped^e les. 
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batch of broth is adjusted as follows. "^.lO ml. of broth.we add 
OJ^ml. of a 0 02 per cent, solution of phenol red and titrate with 
N/10 NaOH until the colour matches that of one of the standard 
tubes, usually pH 7-4t To allow for the colour of the medium, a 
comparator boxand bfank tubes with broth should be used. By a 
simple calculation the amount of N or 10 N NaOH required to 
bring the whole bulk of broth to the selected pH is easily 
determined. 

Organics, by their metabolism, may producejcid^oj alkalis, 
in culture whirfi tendfif ^Tihitted to awumukte,_to alter the.pH 
of the medium and so inhibit further growpL, This is countered to 
some extent in most media by bufleig'.'*T! iesc are c hemical salts 
of t\yo kmds: those which, when acted on by acids, form weak 
acid salts and those which, when acted on by alkalis, form weak 
alkaline salts. .^The reaction of a buffered solution responds only 
slowly, therefore, to the addition of acid or alkdi. JlbeJiuffeis 
l yst . commonly ..used JtL.media a^'^a 2 HP 0 j,*waH 8 P 04 and 
/blaHCOg.^ Amino acids and othcr'digestion products of protein 
also act as buffe rs. 

Filtration 

Clarity of a culture medi^, while not essential, is for many 
purposes desirable, particularly in the case of fluid_ media. is 
somewhat depressing to find a batch of broth which appeared 
crystal clear before sterilisation, cloudy ^fter heating, ijhe 
precipitate which forms consists mainly of phosphates anc^t is 
al ways found that.Jtla batch of broth is ma^miore alkaline and 
subsequently heated, a precipitate forms. WTne best way of avoid- 
ing this IS to adjust the r eaction to the alkah ne side of that 
required, s team and filter, ll the tinai aqjnjtment can then be 
effected by the addition of acid, little or no further precipitate will 
form on sterilisation. 

Such a medium as broth can be. cleared by filtering through 
folded filter paper in a funnel but, as the precipitate is very finely 
divided, the pores of the filter paper quickly become blocked and 
filtration is very tedious. Filtration through a Seitz filte r, using 
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The Use of Screw Cap Bottles 

Screw cap bottles, introduced by McCarWey, have much to 
:ommend them especially in small laboratories where, without 
;hem,much media in cotton plugged tubes may become unusable 
hrough evaporation. AVithJhcse bottles, media only occasionally 
equired niayjbe stpxed for long periods without deterioration. 

Round bottles of 1 oz. capacity may be used for broth, agar 
dopes (the medium being allowed to set with the bottles in a 
lorizontal position) or other ro^ja and J or even i oz. ( bijou) 
mottles for supar media. _ A round bottle (1 oz.) is useful for storing 
iufTicient solid medium for one plate, as well as s aline, ci trate and 
3ther solutions. Larger bottles (4, 6, 10 and 20 are used for 
ihe storage of broth, agar and other media. 

The metal caps of the bottles are fitted with rubber washers and 
the round bottles are so strong that media may be autoclaved or 
Jteamed in them with the caps screwed tight. 

Broth 


There are many method s of preparing broth. The one described, 
that of Wright, has been found to be both simple and satisfactory. 



Peptone Water 

Pe ptone.water is a so lution of p eptone and sodium chloride J. n 
water,_ste nlised J ?y j i utpclryving , Its main use is to determine 
whether an organism pr od uces indole bu t, for this purpose, it 
has no advantage over broth, provided no_ more than a trace of 
fermentable carbohydrat^whichwoi il(!Linlid3iUodnle.p[Qductifln, 
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tube IS cautiously removed to avoid soiling the upper part and the 
cotton plug firmly replaced. 

The amount of medium added to each tube depends on the 
nature of the medium and the purpose for which it is to be used. 
' It IS customary to introduce about 10 ml. of brot h or peptone 
watcrTnto each 6 x | inch tube but, foTTnosl purposes, a smaller 
volume fit a narrower tube would be quite adequate. 

Since some of the carbohydrates used in the so-called sugar 
media are expensive, narrow tubes (3 inch) arc commonly used. 
With them, 3 ml. of medium per tube is sufficient. An exception 
to this must be made in the case of lactose bile salt broth used in 
the examination_of_watcr, as large voliimcFof this arc required in 
tubes or even in bottles to receive the correspondingly large 
volumes of water tested. 

Sterile solutions (salinc*-.cilnitc etc.) which arc cheap are 
commonly tubed in 6 x | inch lubes each containing about 10 ml. 
.|/^ Slopcs*’ or “slants” a rc prepared by sterilising about 5 ml. of 
agar or ot her solid medium In 6 x g inch tubes. After sterilisation, 
thTtubes are arranged on a flat bench on which rests a bar of 
wood or a glass tube about 2 cm. in thickness. The upper part of 
the tube rests on the bar, the bottom on the bench itsclfi The 
medium becomes solid in this position but it is advisable to leave 
the tubes undisturbed for about 24 hours when they can be stored 
upright. The agar is then found to form a smooth layer reaching 
from the bottom about one-third of the way up the tube. 
vy^ “Stabi” are tubes containing from 15 to 20 ml. of agar or 
gelatin. They derive their name from their use in making a cu lture 
by stabbing the medium from the top towards the bottom with a 
straight '^atinum ^vife inoculated'^'ith material containing 


' . ■ ■ f 

agar, a larger amount is recommended. When more than a few 
plates are required at a time, it is more convenient to store the 
agar in bulk — 90 ml. for 5 plates, or 180 ml. for 10 plates-^in 
flasks or bottles of suitable size. 
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The addition of j!entian_violet (I : 500,000) to blood agar T 
greatly facilitates the i solation of stren^oco cci. as these organisms 
grow freely on this medium which -inhibits the growth of almost 


* i ll' other Gram positi ve ba cteria. . ^ 



Sfowthofjhe majority.of Gram positive bacteria but not of those 
which are Gram negative . 

Nutrient Gelatin 

Leaf gelatULis d issolved in broth with the aid of heat. After 
adjustment of its reaction, the medium is clarified by treatment 
with egg white and filtration. It must be ste^nlisedjiy the inter- 
- ■ — 

' ; / • ' 

1 His medium is now practically never used m plates for the 
isolation of pure cultures of bactena, but almost entirely i n tube 5\ 
(stabs) for ascertaining if the orcanism inoculated into it lique fies } 
ihe medium. 


Media Containing Indicators 



tubes coloured’ difTerently or by inserting in the tube a coloured 
glass bead, but unfortyiately different laboratories have different . 
colour conventions. « ^he basis of the “sugar” media/is peptone ^ 
To this IS added the carbohyd rate and , ■ 

shj^Lany change,>of-reactionAvhi ch n iay_occu r_a5 ttiTTe ^t _of — ■ 
bacterial gro%vlh '' Litmus and neutral re d are frequently employed, 
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Nutrient A{;ar 

Agar fibrc.or powder H dKsoHcdj^'bTolh in a steamer. After 
the reaction has been ndjusicd, the medium* is steamed, filtered 
and sterilised in the autoclave. This medium requires a tempera- 
ture of almost 100’ to liquefy it but, when ^oled, does not set 
until the temperature has fallen to a^ul Jt js not liquefied b^ 

^ the action of any of the pathogenic b.icteria. 
u Nutrient agar is a fairly stjff medium. A modification, known as 
*» l’‘ rnadc by adding I \olumc of melted nutrient agar 
to'6 solumes'of hot broth and cooling the mixture. This is a 
,, semi-solid medium scry useful for isolating ^motile^fonns^f 
bacteria which, unlike non-motile organisms, can migrate 
though It. y 

Strictly “speaking the term ^aj car** means the jelling materia l 
added to broth to ma^c_nutncni agar^but. In the cse nday. 
... j nutrient 

* medium, 

by the addition to Jt of glucose (0 5 per cenL) or of citralctUilood, 
s erum o r h ydrocele or a scitic fluid <5 to 10 per cent.). These 
should be added to the melted agar and thoroughly incorporated 
m it before the medium is^Iowcd to cool in sloj>^_tubcs or is 
poured into Petri d ishcsi/fn the case of blood oi^ t her body flui d 
w hich would be altered by heatin g, the a gar must be cooled to 

^ about 55^ before the a ddttionJS made. ^ ^ 

For a type of blood agar known'’as **hcatcd bjood.ajarll 
■ “boiled blood agar” or “clircolatca^r*’, die mixture of a gar and 
'blood IS dcljbcralcly h eated. From 5 to 10 per cent, of citrated 
blood is added to melted agar at 100’ and the lube or bottle is 
placed in a boiling w’ater b.ith where it is left for I minute after 
which it may be cooled and used for the preparation of slopes 
or plates. 

By the addition of various chemical substances, agar or blood 
agar may be transformed into sclectis’e media, pconitling-Uic 
growth of w’anted types of bactena and preventing the growth 
of others. ' ^ 
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sometimes employed in examining the fermentative capacity of 
bacteria. 'The tubes arc inoculated when the medium is fluid, and 
tins i^then allowed to set. After incubation, a cid p roduction is 
shown by a change in the colour of the indicator, an^T^Iution 
of gas by the breaking up o f the jn edmm or the presence injt pf 
bubbles of gas. WKen the amonn^ nf f nrm pH k it ^p ny 
be more rg adily.detected in this than in a fluid medium i n Dur- 
ham tube s. ^ 

Wit h.certam _organisms (Tig^ncumococci, .streptococci, neis- 
seriae, diphtheria baciIIO the broth or peptone water carbohydrate 
medium doy not give very good results, o\vin&.to_the_pqor growth 
Qbmmed;< ^t may, however, be ren dered suitable by the addition, 
^each tiihr nr.the_sterilisc amcdium.'oi ori^iftiri ts voTume o f 
\ ^tenle hydrocel e or ascitic fluid or serum , v^ch tubes should be 
incubated for 24 hours at 37- prior to inoculation m order to 
detect any which have become contaminated. 


m the steamer. 

Mil k, freed^from crea m, and with the addition of an indicator 


It should be tubed and stenlised by steaming. 




Media for the Culture of C. diphUierta 

1. Coagulated Scrum Medium ^ 

Alarge sterile vessel, such as an enamelled pail fitted with a lid, 
IS two-thirds filled with the blood of a horse or ox, the blood being 
collected m a slaughter house. While absolute sterility is unattain- 
able every eiTort should be made to prevent avoidable contamina' 
tion* ^erum whi c_h_separates_rrom the clot is aspirated or 
pipetted off After standing for 24 hours in the cold to allow the 
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but we have found Andra^’s indicator much superior to these. 
The reaction of*' __ ’’ ‘ , *' ' ■ ‘ ’ t-c-- 

colour. U is the 


*oottbm of whic ,* ! ^ 

when the fluid is added, float owjng to the air.enclosed in thepi. 
T' • ’ . ’ . . ... • fn the st eamer by the inter> 

• • • ve, as hig h te mperatures_are 

As a result gTthe steaming 



Mt he air is e xDdled..frQmJ he inner tubes and th e. fluid fills them 
•=^c ompletely . A bacter ium grown in one of these media may not 
' have any effe ct on_thR carbohydrate, or.it may. produce an acid 

'e^y the evoluti on 

— ■.!_ - . ' .J •'The production“of 

g hWed-coloi r^ f 


^nllp^rtiQft-n^rrr-lin the tOP of t 
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sometimes employed in examining the fermentative capacity of 
bacteria. \Thc tubes arc inoculated when the medium is fluid, and 
this IS then allowed to set. After incubation, acid production is 
shown by a change in the colour of the indicator, and evolution 
of gas by the breaking jip o f the m edium or th^rcscnce in it cif 
bubbles of gas. WhTn the amount of cas-f ormed is .sianll^tm ay 
before re adily detected in this than in a fluid medium i n Dur- 
ha m tube s. 

'•^neui 


Wit hjcer ta m organisms (Cig^neumococci.^strcptococci, neis- 
seriae, diphtheria bacillij the brother peptone water carbohydrate 
medium doc s not give ve ry good results, owing tojhcjio^or grouih 


1%,, tt,A 


/ 


-/■ 


detect any which have become contaminated. 




m the steamer. 

Milk, freed from crea m, and with the addition of an indicator y.i.' 
such as litmus solution. 


solutio n, is occasiytfallv u seful in the ident ification 


Media for the Culture of C. diphtheria 




1. Coagulated Serum Medium ^ 

A large sterile vessel, such as an enamelled pail fitted with a lid, 
is two-thirds filled with the blood of a^horse or ox, the blood being 
collected in a slaughter house. While absolute Menlity is unattain- 
able, every effort should be made to prevent avoidable contamina- 
tion. The spfum which s eparates _from the clot is aspirated or 
pipetted off After standing for 24 hours m the cold to allow the 
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cell^to depos it, it is sterilised by fi ltration through a Seitz^fi lter _ 
us ing an EK ( GS^'disc. Then the serum al one or, preferably, a 
3 .Tmixturc ot^^umand broth con taining f per cent, of-^lucose, 
is filled into sterile tubes, or 1 oz. round screw cap bottles. These 
are placed in an i ospissato r whi ch is a water-jacketed chamber 
heated by electricity or gas. Tubes*rest on a rack which holds 
them’in“^”sldpcd position, so that the fluid spreads about one- 
third of the way up their sides. Bottles are held in a horizontal 
position. The inspissator is gradually heated to 85° and kept at 
that temperature for,2 hours. The serum will t hen have set into 
' a white or light yellow coloured solTd o f firm consistency. TWs 
medium is commonly sterilised in the steamer by the intermittent 
method. If the serum is sterilised by filtration and is filled with 
proper precautions into sterile tubes, this final sterilisation is 
unnecessary and should be omitted as it renders the medium 
much less satisfactory. This is usually, although incorrectly, 
termed "Lofiler’s medium”. 


2. Selective Media for C. diphtheria 
A considerable number of special media are used to facilitate 

the isolahon of C. diplitfiea^. The basis of all these is nutrient 
, • .— r- -rr. 


phtheroids , 

• growth of 
ria bacillus 

■ 0 
-"f 


I assume a morphology so different from, that of the same organism 


/ 


is great'- 
t he fur 
1 assume 
■ most o 
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grown on sgrum as to identificatJon-difficult 

or impossible \vithout_subailturing.on_ serum. Most of these 
disadvantages can be overcome by avoiding excessive heating of 
the medium both before and after the addition of blood and by 
keepinglhe'conccntration of tellurite low. 


Media for the Isolation of Pathogenic Intestinal Bacilli 
Very many media, arc used to facj^tate the i solatio n o f intestin al 


pathog e ns from mate rials, such as l a>ce«^. which contain colitorrn 
bacilli Th ese may be divided into those which are differential and 


latter, which may be either_soh<^qr_fluM^ore or less completely 
suppress the growth of cqlif(Mm_bacilli. 

We give the formula of only one B ifferen tialjpedium, that of 
.MacCqnkev . because we have not found any of the newer 
differential media superior to it. 


1. MacConkey’s Medium ^ 

MacConkey’ s medium contains pepton e, s odium taurocholate ,^^ 
^ heto se, »ii eutral~re'd ^n~d^gar. , Peptone is the mam nutritive -v 
matenal. The presence of so dium taiirochola te renders the , 
medium to some extent sclcctiye^in thatjt tends to suppress the i 
g rowth of non-inte stinaj bacteria^. The presence o f lactose and • 
an indicator confers on the medium its differential properties. 




The following arc, in our experience, two ot the most uselul 
solid selective medja for intestinal organisms They are called 
selective 'because they completely suppress the growth of Bact 
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co/L_a nd also, more or less completely, of other organisms of 
the coliform crou p, while permitting the free growth of some or 
all of the intestinal pathogens. It wc^ld be quite wrong to 
assume that any organism growng on these media is a pathogen 
since many bacteria, such as those of the gtn\^ Proteusj frequently 
present in feces, grow on them, but any. organism found in culture 
on these media should be considered as a possible pathogen until 
it IS proved not to be one. 

2. Desoxycholate-citrafe Agar \ 

This is Leifson’s medium modified by Hynes. In addition to the 
nutritive materials supplied by meat .e xtract and pepto ne, this 
medium contains lactose and n eulral_r ed. serving the same pur- 
pose as they do in MacConkey’s medium, andls odium c itigte, 
sodium thiosulphate, f erric c itrate and s odium desoxycholaje. 

-T-t .. r 1. r ^ • 1 • . ' r- 

J ’.-ii 

-c :.t 

^ • , to 

alteration of the neutral red by the a cid produce d.by t hefermenta - 
tion of lactose. -^fro/eai.c ro ws well on this medium but does not 


icuua lo suppiess me giowiii oi rougii variams oi i>tugena sonnet. 
Colonies on this medium should not be used forslide agglutination. 
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3. Wilson and Blaif^s Medium (poS>- 
In addition tV nu^ent agar , this n^ium contains^isrputh- 
•^flimoDiuin-citrate /sodium op hite, ^ ^dium phospha tc ^^uco se, 

PttT'ifia 1 II inrti «*n»Av\ aH r\C oaaaat* tr\ Ka accah. 

o / .nr. ' " " 

' ^roifj7Iis=n ot=^ 

The medium should not be kcpj/(n plates for morp--than 24 
hours before it is used, it is nf a n.^tlg ^ preep ^ cnlour V^^Cnlonies of 
Salm. tvrihi and Snlni._naratvnlii R . when close together and 
th erefo re small, are green but, when well dispersed, are black! 
. and the med ium in^their vicinity Is also blackened ancLshows^' 


bacteria, the two solid selective media may be much more tjiickly 
sprea^ with fsces than should a diflerential medium such as 
• • • . • /ent . 


isolated clear colony on desoxycholatc-citrate medium or a black 
colony on Wilson and Blair’s medium might, at first, be assumed 
to be a pure culture. But a loopful of it transferred to^a fluid 
medium such as lactose«peptone %vater may contain, among 
millions of typhoid bacilli, one or two coliform. bacilli. These 
Wp^uld.grow and ferment the lactose, producing acid and gas in 
the_medium, a result which would probably lead to abandoning 
further investigation of the bacteria m the colony Colonies from 
these selectiv^Tnedia sh ould never b e_-siib.cultured-directly to 
f^id m edia. The -gorrecLpro ceHni-ft is to re plate on a differe ntial ^ 
mejlium, such as that of MacConkey. *On this the many colonies 
of the non-lactose fermenter can easily be distinguished from the 
few colonies of the- lactose fennenter, and an indubitably pure ^ 
culture obtained fo r further investi gation. ./• 

further~advantage of replating is that hnth the flagellar and 
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Despite the*fact that these two solid selective media can be 
fairly heavily inoculated with foces, it is often an advantage to 
examine a larger amount of feces than can be spread on a plate 
as, when pathogens are very few, the probability of detecting 
their presence is increased by increasing the amount of feces 
examined. This can be done most satisfactorily by usingjluid 
selectLYe_mcdia,- so^etimes.^UecLenrichm^nt media, two of 
which are described. 

4. Tctrathio^c Broth 

This medium contains broth, chalk, sodium ^th iosulphate, 
iodine'a^.'pota ssium i odidenfsliould be used within a few days 
of itsJpTi^eparatlon. It is excellent for the isolation of the majority of 
the Valmonell<e_. but not for the shigelfe. It permits fairly rapid 
multiplication of the salmonelfe, even when the number intro- 
duced into a tube is small, and either completely suppresses or 
considerably retards the multiplication of coliform bacilli. 
Unfortunately it does not seriously impede the growth o Yrroieu^ 
an important disadvantage in tropical countries where organisms 
of this genus occur more commonly than in temperate climates. 
A tube of this medium should be heavily inoculated with feces. 
After wer-night incubation, a loopful should be plated. Com- 
monly'MacC^nkey’s medium is used and this has the advantage 
of enabling lactose and non-lactose fermenting bacteria to be 
distinguished. If only one plate is to be used, it is, in our'opinion, 
- best to use a plate of^esoxycbolate-citrate agar which facilitates 
I the isolation of pathogens even when their proportion has not 
• been greatly increased by culture in the fluid medium. Where 
economy of time and matenal is not essential, it is recommended 
that a loopful of the tetrathionate broth culture be plated on 
each of the media. 
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5. Selenite Medium 

This medium, which contain s sod ium a cid selenite, peptpn^ 
lactose jind sodium ph osphate, is particularly u seful for the^sola:_ 
tion^of organisms o Cthc enteric^ro upMt is.also of value for other 
sal monelirC but is useless tor s hjg^la; It can be stored in the 
refrigerator for several months. It should be heavily inoculated 
with fteces (1 g. per tube) and incubated o\cr night. Isolation is 
carried out as described above for tetrathionate broth. 


Media for Myco. luberciihsis 

P ^ * V ' r./ 

I. GrifRth’s Egg Medium . ' ‘ '' 

This is_ a plain^gg medium, that is it contains nothing but eg|^ 
and water, coagulated bjTicat. It is used mainly for the cultivailoiT 
of the t ubercle bacil lus. It may be modified by the addition of 
sufficient ^asic fuchsin to give the finished medium a'pale pink 
colour, so rendering grwth on its surlace more easily seen. A 
further modification is the addition of 5 per cent, of glycerol To 
avoid,drymg of the medium during the prolonged incubation 
required for the culture of the tubercle bacillus, rubber caps should 
be tightly tied over the cotton plugs of tubes or the plugs should 
be treated with melted paraffin wax The use of small screw cap 
bottles to contain the sloped medium is strongly recommended. 


2. Lowenstein-Jensen Medium 


In addition t o egg, this medium c onta ins potato starch . 
aspTri^g in , gl ycerol and minor constituents. It is coagulated by 
heat in the same way as Griffith’s medium and the same precau- 
tions must be taken to prevent drying of the medium This 
/I medium is particularly useful for the primary .growth of the 
f| tubercle bacilIus 7ToIoni« develop ing more quickly on it than on 
\ p l.-iin or glycerol egg media . 


3. Dubos Medium 

This is a fl uid medium in which, when,heayjly inoculated, 
tubercle bacilli grow rapidly and diffusely in th^depth of the 
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m edium, i njdistingtion to ^ . vpg nf ^ crowth which oc curs 

in the usual fluid media used for the culture of the organism. The 
constituent of Dubos medium which is responsible for the type of 
growth is a water soluble synthetic ester of oleic acid, known as 
Tween 80. 

Media for Anaerobes 

As will be explained in a later chapter, ^aerobic bacle rja may 
be grown in or on the surface of ordinary media in a jar from 
which all oj^genhas been removed. It is often convenient, how- 
ever, to be ablVto cultivate anaerobic bacteria without the use of 
special apparatus to^ccurc a naerobic co pditlgns. This may be 
done by the use of s pecial fluid media in which the presence o f 
re ducin g.substa nces keep s t he oxygen tension at a sufnc l.ejijjy_low 
. l evel . Such media are more cfTicicnt in securing anaerobic con- 
ditions if they are used in narrow tubes, half filled, and if these are 
immersed for a few minutes in boiling water to expel dissolved 
oxygen and are then rapidly cooled before inoculation.* Difllcul- 
ties occasionally arise from the transfer of oxygen from the surface 
to deeper parts by convection currents. These may be overcome 
in either of two ways — by covering the surface with a layer of 
liquid paraffin or vaseline which prevents or slows the absorption 
of oxygen by the medium or by the inc q^rporation _ of a sma ll 
amount (0 05 per cent.) of agar in t^ medium which prevents the 
tarnation of currents. The first method is commonly used in 
connection with Robertson’s medium, the second with Brewer’s 
and other media to which a soluble reducing substance has 
been added. ^ 

I. Robertson’s Minced Mc^ Medium 
^ This medium consis' ■'* ' - • • • • 

>'~s ubstances) covered w 
‘ 6'5 per cent, glucose ^ 

medium. The top of the broth may be covered with a layer of 
li quid paraffin or melted vaseline, ’capillary pipettes must be 
used to inoculate andTo' wthdraw samples from the medium 
when an oil or vaseline seal is used. Robertson’s medium is very 
//f useful for oreservme cultures of certain oreanis uch as Str. 
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pyo genes, which are facu Uajive but not obligatory anaerobes and,/' . 
\Wvch die m a short time under aerobic conditions. 

2. Brener’s Medium ^ 

The addition of 0 1 per cent.’ ^dium thiog lycollate to broth ^ . 
renders it capable of supporting the growth of stricTanacrobes 
The medium is improved by the further addition of glucose* 

Very commonly 0 05 per cent, of pmvdcred agar and 1 . 500,000 
of rn^hylene blue are added to the medium. Other substances 
including cysteine hydrochloride (0 2 per cent )j nd a scorbic acid_ j* . 
(0 1 per cent.) act in th e same way as sodium thioglycollate and 
can be substituted for it. , 

3. Reduced Iron Medium 

The simplest of the anaerobic media is made by adding to a 
lube of ordinary or glucose broth, freshly boiled and cooled m a 
narrow tube, a strip (3x5 mm.) of shietjron, g auge 2 6, or an 
iron nail, sterilised in the hot air oven or Bunsen flame. 

Media for Distinguishing Coliform Bacilli , i '■*’ 

1. Buffered Glucose Broth 

This is glucose peptone water buffe red with, p ota ssium phos- 
phate . It ts ulejlrTtubesldrlRe Voges-Proskauer and methyl-red y - 
testT A 24- or 48-hour culture is most suitable for the former. 

A 4-day culture must be used for the methyl-red test, since a 


2. Koscr’s Citrate Medium 

An ammonium salt is th< ■ ■ 

of carbon in this medium. 
aerogenes, grow in it and 

Growth iTjudged by the_ devclopment of turbidity . It is essential 
tdlnoculate thrmedmm lightly— one loopful of a broth culture 
is adequate/lf too large inocula are used, these may add sufficient 
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carbohydrate or amino acids to permit growth of organisms other- 
wise incapable of growing in the medium. 

Sterile Solutions 

It is a great convenience aKN-ays to have available in the labora- 
tory a supply of sterile solutions including distilled water, physio- 
logical saline, carbol saline, citrate and glucose. These should be 
autoclaved in tubes or screw-top bottles. Labelling is avoided if 
each is distinguished by a particular colour displayed by tinting 
the cotton plugs, by painting the screw lops or by including a 
bead of appropriate colour in the tube or bottle. 

. . Blood 

Blood is a valuable addition to broth or agar, noJ,only because 
it supplies desirable nutrients, but also because its* fed cells, uhich 
remain intact in the medium, cnabIc_oncjo detect if anjorganism^ 
•produces a hsmolysin which lakes the cclls^ 

For laboratories where only a small amount of blood is required, 
this may be obtained from human volunteers by vein puncture or 
from rabbits by cardiac puncture. In either case, full aseptic 
precautions must be taken by sterilising the syringe and needle 
and by treating the skin with iodine before it is punctured. The 
horse is the most convenient source of larger quantities of blood 
and, for many purposes, its blood is preferable to that of other 
animals.'" Blood, whatever its source, should be collected in tubes 
or bottles containing sterile citrate elution. One.part of this, 
solution is sufficient to prevent the clotting of ten parts of blood, 
provided the solution, is evenly dilTuscd throughout the blood. 
Citrated blood may be kept without deterioration for 10 days or_ 
longer if stored in a refrigerator. The temperature should not be_ 
allowed to fall below 0®. -■The cells which, during storage, sink to 
;^the bottom of the vessel, should be dispersed before the blood 
(IS used- ■ *" 

. Serum is obtained by collecting blood in a dry sterile vessel 
and allowing it to clot. 'When the clot contracts, serum is ex- 
pressed. The cells deposit and the clear serum may be removed 
with a pipette. 



CHAPTER V 


THE MAKING OF CULTURES 

The microscopic examination of bacteria enables them to be 
grouped into certain large classes on morphological grounds, but 
b^ tNs method scarcely any organism can be definitely identified. 
One of the most essential steps in bacteriology is to secure a 
pure culture of an organism A pure culture is one in which only 
a single type of organism is present, it is usually the offspring of a 
single organism. Before describing the methods used for attaining 
thrr«nd, it is necessary to give some account of the apparatus 
used in the cultivation and examination of bacteria 

Certain pieces of apparatus, similar to those employed in 
chemical, zoological, and botanical laboratories, are essential for 
the study of bacteria. Of these the most important are test tubes, 
Petn dishes, commonly called plates (which name is a relic of the 
days when the pioneers in bacteriology made cultures on gelatin 
medium poured on flat glass plates), flasks, pipettes, graduated 
cylinders and thermometers. An electrically driven cerunfuge is 
a necessity. One of the most elTicienl and reasonably priced of 
these is the angle centrifuge. Every centrifuge should have a free- 
wheel device to prevent the tubes being brought to rest too rapidly 
when power is cut off, as this disturbs any deposit formed. It is 
essential to balance the ccnlnfuge by placing m the opposite 
bucket a tube similar to the one used and containing the same 
'(}uantity of fluid. 

Some form of suc tion ap paratus, of which a good type is a 
Geissler’s vacuum-pump, is very useful. This can be used in 
filtering and* also for with drawing Jhe^supetnatant fluid after 
'centrifuging so as to leave the deposit undisturbed. 

Probably the most used piece of apparatus is t he platinum wir e. _ 
Several pieces of this wire (or of nichrome, a fairly good substitute) ' 
63 
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of different thickness and about 6 cm. long are required. These 
are mounted either in aluminium'Holders or glass rods. Some 
should be straight and others should have their free ends bent into 

9 H 



Fla 13 — Angle Centrifuge 
(Messrs Baird and Tatlock 
(London)^ Ltd) 


Fig J4 — I^tinum Fig 1 5 — The 

Wire in Aluminium Preparation of a 
Holder (x i) Pasteur Pipette. 
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loops. This can be done by moulding the end round a glass rod 
wKich has been drawn out in the flame. The loop should be about 
4 mm. in diameter, and must be closed so that it can be used for 
transferring drops of fluid. 

Another necessity is a supply of glass Cubing about 30 cm long 
and 0 7 cm. in external diameter. Both ends are rounded in the 
flame, plugged with cotton wool, and the tubes are sterilised in 
the oven. When a pipette j s required for the transference in a 
sterile manner of a larger quantity of fluid than that held by a 
platinum loop, one of the prepared tubes is held, one end in each 
hand, and the central part heated in a Bunsen flame, the tube being 
rotated all the time When thoroughly soft, the glass walls fall m 
slightly and thicken, and then the tube is removed from the flame 
and the ends drawn slowly apart, the tube being rotated during 
this operation. When of sufficient length, the centre js again 
heated and the ends sharply pulled away from one another. /This 
will produce a very fine lube, which is easily broken, and the ends 
can be sealed in the flame, so protecting the uvo pipettes thus 
produced until they are required. A rubber. teat is filled to the 
plugged-end- (without removing the colton) and the capillary 
portion broken at a convenient length. A well-made Past eur or 
capillary pipette of this type should have a length of about 1 2 cm, 
unnarfowed, a rapidly tapering part of about I cm. and a very 
slowly tapcring^^^rtion of about 10 cm., of which the proximal 
part will have an external diameter of about 2 mm. and the distal 
of about 1 mm. If the drawn-out part tapers too sharply, either 
the tube has been insufficiently heated or the ends have been 
pulled apart too rapidly. A considerable number of lubes should 
be prepared at one time and a pair of pipettes made from one of 
them when required. 

Spreaders, the use of which will shortly be described, can be 
made from thin glass-rod, but those made from. ^ iro n wire are 
more permanent and, if kept polished, are quite s^factory. 

When it is d^s jred to transfer.bacferia from one culture tube to 
another, . that^s,. to make a sub-culture, the following is ..the 
pr ocedur e, ’xlie plugs of all the tubes used should first be passed / 

HB— F 
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by rapidly 

hich are on 
the culture. 

/The plugs are then twisted in the tubes to break down any ad- 
hesions. The two tubes arc held in the left hand, the exact method 
of holding them being unimportant so lon^s'the medium is not 
obscured by the hand. Some hold one tube between the thumb 
and forefinger, the other between the fore and middle fingers, 
each case the upper part, about 5 cm. f rom.the top, being grasped. 
Personally, we prefer to hold the extreme bottoms of the tubes 
between the tip of the thumb and the bunched tips of the fingers. 
In this way three or four tubes may be held at the same time 
radiating like the ribs of a fan./The projecting portions of the 
plugs are grasped between the fingers of the right hand near their 

/i 

\i 

Fio. J6.— 

webs, the interior part of the plugs being directed away from the 
palm. If necessary two, or even three, plugs may be held between 
two fingers. After removing the plugs, the mouths of the tubes 
are quickly'passed through the flame to burn off any, adherent 
cottoHr^he holder of the platinum loop is held like a pen in the 
right hand and the wire heated .to redness, when the lower part of 
the handle is passed a few times through the flame. The sterilised 
wire is then introduced into the tube containing the culture. The 
wire may be cooled, either m the water of condensation in the tube 
or by touching a part of the medium on which there is no growth. 
The culture is then touched with the loop, to which some will 
adhere. The charged loop is withdrawn and introduced into the 
other tube, care being taken to prevent it touching the mouths or 
sides of the tubes. The medium is inoculated, the wire is sterilised 
in the flame, and the plugs replaced, each to its own tube. 
Throughout the whole operation the tubes should be held as 
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nearly in a horizontal position as the medium permits to prevent 
the entry of bacteria falling from the operator or those floating m 
the air. 

In all operations in which the use of a platinum wire is involved. 

It is essential to sterilise it twicc^^cc before the material contain- 
ing the bacteria is touched to prevent the culture being contamin- 
ated, and the second time after the culture has been made and 
before the wire is laid down, to prevent accidental infections 
•^Vhen the loop contains a mass of bacteria or a drop of infected 
fluid jLshould first be held some distance above the flame and 
th en g radfilly lowered, as_^ddcn^heaUng frequently causes 
spurting, which may lead to contamination of the bench. 

ginned nr slanted media are inoculated by drawing the charged 
’ loop gently over the surface from below upwards in_ji straight 
line 9r,i.fthe maximum amount of culture is desired, by rubbing 
tHe whole of the surface with the loop. * §tabs of apar or gela tin 
are inoculated with the straight wire which, after it is charged, is 
pushed gently straight down into the medium in the middle line. 
»^I n the case of gelatin , if it has ^en prepared a considerable time 
^ before ^jhis. a crack is ,be caused which may interfere 
with the typical growth cha>’‘'‘cteristics. The remed y is to rwlt the 
mediunTand ahoNv it to set again a short time before it is inocu* 
la^fd.^luid media ar e inoculated either by gently shaking the 
loop in the medium or by emulsifying the material.m the fluid 
on the side of the tube just above the level of the main bulk of the 
medium and then washing this off by slanting the tube. 

^ Sinc^several varieties of bacteria frequently occu^ogetheran 
“^ nature, 'll is essential to learn the methods of obtoinin g pure 
cultures from material containing two or m ore varieties of bactenaT 
With the use of fluid medjajhis can be done only m exceptional 
cases, and both luck and perseverance are necessary. 

Solid media allow us_to_isolate an organism, even w hen it is 
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/ . . . 

thc^tjensit y of_bnctc ... 

l^u ntil cnch .orc nnisr 

. ^ Beingjn the d^cpth • 

» bacteria, jivjiilc able tp .mukiply,.arc,unablc to move and so the 
masses of bacterj/t resulting from the multiplication of each-arc 
well isolal^T'v ^h^c masse s, which arc sufficiently large to be 
easily visible w i t h 1 he n a k cd'^cTa re called colon ies. A cnlppyis 
u sually a pure culture, t ha t is consists of only one type of bac ter- 
ium . If the colonies, whether on the surface or in the depth of the 
medium, are well separated, it is possible to touch one with a 
^ sterile wire and to transfer a portion of-it to a tube of medium 
which, after incubation, will contain a pure culture. 

‘ ‘ • *.turcs arc made in th e depth 
■ ’ '■ . .i.. •*o fbactcria in the material; 

■ ■■ ' • . .1 • , • . make scvcrol.platcs. Three 

agar stabs are placed in a vessel containing water, which is boiled 
for a few minutes until the agar is melted. The water is cooled 
by the addition of cold water until its temperature is abou t SO’. 
n/A loopful of the material i s transferred to one of the tubes with 
the usual precautions, and the whole thoroughly mixed by rotating 
the tube gently between the hands without allow’ing air-bubbles 
to form. Five loopfuls of the contents of thi^ube are transferred 
to the second, and after the same treatment a similar amount from 
the second to the third tube. •'The contents of each tube arc 
poured into sterile Petri dishes (plates) and, after solidification, 

I the plates are incubated. the material contains a very large 
number of bacteria the first plate will probably show far too 
many colonies, but either the second or third ought to give a 


plates should not be removed from the paper or box in which 
they were sterilised until the medium is ready .•'They should then 
be placed on a horizontal table in a place free from dust.'-'^e 
outs^e of the tube is dried, the plug is removed, the mouth flamed, 
an<f the Iid of the plate is lifted at one side just sufficiently to allow 
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Ihe tube to be introduced beneath it and the medium is poured 
into the plate. The lid is then replaced, and the plate is not moved 
until the medium is thoroughly set- pn-ti me, either before oc 
after the medium is poured into the plate, is its interior left un- 



Fio J7—The Method used to Inoculate a Tube 
(Noie how the tubes, platinum wire and plugs ar 



covered by the lid, as this may pcrmji the cn^ of bacteria from 
the air. The procedure of plating as described above required 
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some care and judgment, as it is necessary to avoid ove r^heatijg 
the bacteria, which might kill them, and also to guard against the 
medium solidifying before the plate is poured. -✓ ^Agar melts 
slightly below 100° and sets at 42° to 44°. Since the medium was 
at 50° before the infected material was added the work must be 
done rapidly and the plate poured before its temperature has fallen 
to 44°. Where gelatin is used the technique is simpler. The 
medium may be inoculated at a temperature of about 35°, and a 
considerable time elapses before it sets at air temperature. Gelatin 
cultures are incubated at 20° to 22°. 

y Agar plates are always incubated jn the iny erted,positi_on,./ p. 
lid downwards. If reversed, the wate r of condcnsaticjn would 
collect on the lower surface of the lid and fall on the medium. 
Some of the bacteria on or in the medium might grow in this 
water and spread over the surface, rendering the culture useless. 

/ Gelatin plates are, however, incubated with the lid uppermost as, 
if inverted, any liquefaction of the m edi um by the g rowth o f 
liquefying organism^ would destroy the*^Uure. 

I^rjpread or streak plates themethod differs somewhat from the 
above The medrunfirmelfed and cooled as before and poured into 
plates. It IS always advisable to coo! the medium before pouring it, 
for thus the plate is less likely to be cracked, and also the amount 
of condensatjon water on the lid will be less.’Tlates should not be 
used for spreading until at least an hour or two after pouring, as 
then the surface will be both firmer and drier. /with a wet plate 
there is always the risk of an organism multiplying in the fluid 
and spreading over the enti , * 

with f ^ , I* ’ _ _ 

- a^ive " ^ . . . . ' 

V** bacteiia./roi mis leasoit, . ^ , 

for isolating pathogenic intestinal bacteria (as MacConkey’s 
medium) must be dried in the incubator before use. 

For the routine plating o f^us a nd other morbid fluids from the 
body, blood a gar is preferable to plain agar. An agar stab is 
mefted and cooled to 55°. About 1-5 ml. of citrated blood, 
collected as described in Chapter IV, is added by means of a 
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sterile Pasteur p ipette and thoroughly incorporated with the agar, 
either by rolling the tube between the hands or by pouring into 
another sterile tube and back again. It is then poured into the 
plate and allowed to set. '^K properly made blood agar plate 
s hould b e uniformly translucent anB'of’a'moderately deep reit 
colour. A simpler alternative is to place the necessary amount of 
blood in the plate and pour on it the melted and cooled agar. 
The covered plate is then lifted in both hands and rocked so as to 
diffuse the blood throughout the medium This operation must 
be completed before setting commences, as othenvise an uneven 
surface will result. This method never gives such a uniform 
mixture as that described above;' but the risk of accidental 
contamination is less and the plates arc quite satisfactory for 
routine use. Tlates_pLaear_ennchcd with scrum, hydrocele or 
ascitic fl uid arc made in exactly the same way^.-Glucojc-agar may 
be prepared by adding one*ienlh volume of a sterile 10 per'cent. 
solution of glucose to the melted agar before pouring 
P lates intended for sp r ead or streak cultures should always be 
used on the day on which they are made. In pouring the plate 
there is the possibility of a bacterium falling on the surface of the 
medium. If the plate is used fresh, a sjngle contamm ating colony 
will result, and this can generally be distinguished without diffi- 
culty from the colonies due to the bacteria m the material under 
investigation If, however, the plate has been kept from the 
previous day, the bacterium may have produced a colony too 
minute to be seen with the naked eye or hand Iens,*'but neverthe- 
less consisting of thousands of bacteria. In the spreading op era- 
tion these bacteria_are disuibuled oyer the surface of the.plate, 
wher'e tH^’"give rise, on subsequent incubation, to a very large 
number of colonies which obscure those of the bacterium in the" 
in^ulum. 

. nr e »sfd f o rjopculating the prepa red plates.^ 

^ One employs a wi re.looD^e other.a glass.orjnetal spreader,.y^ , 
Abe. fost metbod tbe cbwtgcd vdth the roaletial for cwbvne, ’ 
v/is drawn lightly over half the plate in a series of parallel lines 
(A1 to A9) about 0-5 cm. apart. The plate is then rotated through 
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90% tiie loop sterilised and another scries of streaks (B1 to B9) 
made on half the plate at right angles to the first series . ^ach. 


streak^sta.dingjn.il 




:e.\/rhe( 


plate IS then rotated a further 90% the loop sterilised and a final 
series of streaks (Cl to C9) made from the third to the previously 



Ffo 19. — Spreading Piate by NfCTHOO of Parallel Streaks. 
c olonies are_u iua lly fo un d in one g uadrant of the plate irrespe c- 
tive of the size of th ejno culum . " ' “ 

When the spreader is used, aloopful of the material is placed 
near the edge of the plate and the spreadeFst^lfsed in the flame 
and allowed to cool. Before it is used it should touch the water of 
^j:ondensation on the hd to make quite certain that it is not too hot. 
With the spreader the drop is well rubbed over a small portion of 
the surface, then the spreader is lifted and rubbed over a fresh 
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area. This is repeated until the whole of the surface has been 
rubbed. A good plate — that is one showing on some part well- 

■ ■ , ' '• 2djf.abQut ^even . o r, eight_ar^e^as 

: ■ ; lever bein g returned to an area 

■ ■ ' ' , ■ , better results are obtaineiTby 

increasing the area devoted to each rubbing and using two plates 
instead of one. During spreading by either method, the plate 
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and a hand lens^^oth by r eflecte d and transmitted lighj, and the 
difTerent varieties of colonics noted. The hd is removed and the 
plate held in the left hand with its surface vertical. In the right 
hand is held the platinum wire, straight for minute colonies or 
with a loop for those of larger size. The wire is sterilised, cooled 
by touching a part of the medium devoid of growth, and the 
colony touched with it. The plate is restored to its lid and the 



Fig. 21 — The Colonies on a Plate Inoculated by Spreading. 

wire rubbed over the surface of an agar slope or used for inoculat- 
ing a tube of some other medium. This tube, after incubation, 
should contain a pure culture of the bacteria present in the colony 
picked. The operation may be facilitated by the use of a watch- 
maker’s lens held in the eye. The picking of the deep colonie s 
obtained when the material was mixed with the melted medium 
IS similar, except that in this case the wire must penetrate the 
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medium to reach the colony required. In doing so it is necessary 
to avoid any colony lying above or below the one aimed at 
In the majority of cases the use oj one or other of these plating 
methods will sec • ■ “ , . 


ties of bacteria. 



b^Wa. t he growth of one assisttn gJhe_ development of the oth er. 
As has just been mentioned, this very commonly occurs with the 



medium-contams-a g^rbohvdfaieJe na eniabl eJ ay.oncUhe-actd ity 
d eveloped may in hib it-the-growlh f>f.the.se cond: L acidophilus in 
milk culture ultimately destroys the putrefying bacteria. Ps~ 


/' ____ 
i n a mixture, a kn owledge of th e*l >ccuharities of its structu re or 
metab olism may suggest a niethod7for its easy isolationr^verT 
when iHs presentln'TUclfsmall numbers'as to make its separation 
b y ordinary platingjatherjnlikely As instances of this we may 
mentiorrthe use o fblood-tellunte media for growing C . dtphthma 
and the employment of Wilson and Blair’s mediumjLn_ 
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the presenca-of-enteric-bacillHirfecegr The cholera vibrio grow s 
in a very alkaline m edium and is s trictly aero. bic, and so we 
add fieces, suspected to contain the vibrio, to*^nQline peptone 
water and, after incubation, we find on the surface an almost 
pure culture of this organism. ^treptococci grow abundantly and 
quickly in gentian-vio let gluco se broth and form a deposit in the 
bottom.of-the.tube.whiqh, when plated, will usually permit of 
their isolation, even when the original material contained a very 
small number together with large numbers of 
other bacteria. Many more examples of the 
use of such more or less selective media to 


,4glective__hcating,^the latter can be killed^ 
leaving the former still viable. 

It Is customary, when a colony is picked 
off a plate, to inoculate an agar or 
blood-agar slope with 
it, and so obtajrf a 
pure cultur e. i/When 
this culture has 
grown, sub-cultures- 

in media suit able f p r 
thff Mppfjfinrtti Qn— of 
thejjiganism, such as 
thosexontainin g vari - 
ous carbohydrate s. 

When cultures of 
very slowly growin g 
o^a’nisms” are made 
on slop'ed media in 
tubes, precautions 
must be taken to 
pre y entd ryinp-iv hich 




Fio 22 — Aoar 
tSLOPE IN Tube. 
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would interfere with growA. The , plug - may be cut ofT 
level ‘_jvi(h._Uie__top_or ihe_lubc, which is cove red \vith_ an 
india-rubber cap, of the plug may be immersed in melt- 
ed parafiin wax. The use of small screw cap bottles 
containing the sloped medium is in every \say more satis- 
factory. y ^ 

All cultures shoul d,be.fullyJabe lled with. the source, name of 
organism , an d date on which the culture was made, as,soon as the 
medium has been inoculated. JStick-on labels are unsatisfactory 
and dangerous, grease pencils or glass-writing ink are better. 

The methods alr eady described arc applicable chiefly to the 
a erobic bactenaT b or the cullivatibn dTaha^bSTc bacterlar'vhich 
grow only in the absence of oxygen.^special procedures must be 
adopted. Either ordinary culture ^edia m plates or tubes 
contained m a special a pparatus, or media a dapted for the growth 
of these organisms without any new apparatus may be used. The 
Dfincinles of the various m ethods are* (1> exclusion of gir; (2) 
exhaustion of air; (3) absorption m oxygen from the air;^or (4) 
replacement of air by a neutral gas, such as hydrogen or nitrogen 


gelatin, and'lnoculated, the added bacteria being diffused by 
rolling the tube without shaking, which.would allow oxygen to be 
absorbed' It is then cooled and incubated in the ordinary way^ 


the, colonies jeing^ pclc^ ~aft er the removal of t he cylinder oT 
medium from th e tube. This is done by cutting around the” tube 
with a file or 'dramo'nd at about the level of the middle of the 
column of medium. *^he extenor of the tube is sterilised with 
antiseptic solution, which is washed off with alcohol, the latter 
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being burned ofT. 'The tube is broken by applying a red hot wire 
or glass rod to the mark, when a crack will develop along the 
mark. The lower portion of the tube is removed and the cylinder 
of medium caught in a sterile Petri dish, where it can be examined 
and colonies picked. 

Various special media for t hc_cuU iv^tion_o flanaero bic bacteri a 
in air have been described in Chapter IV, Now we must consider 



Fig 24 — The McIntosh and Fildes Electric Anaerobic Jar • / 
{\fessrs Baird and Tatlock {London), Ltd.) 

the spe cjal p ieces of appgjratus^injwhichjmaerobic bacteria m ay 
be jrown in or on the surface of ordinary media. 

Th^ older types of anaerobic apparatus w hWi;elied chiefly on 
the rep lacem ejit-j fair by hydrogeii and the abs orption of oxy gen 
T by alkaline py r o solution, have now been almost entirely super- 
''^scded by the McIntoslL^iuLJu!^s^lgc tr’'*-'^*v 
** ^'ar^which robs anaerobic methodr^of'much of their difficulties 
It consists o f a glass or metal jar and a h eav y metal lid w hich ^s 
fixTd"lo“the top of the ja^y_a,clam^ an air-tight foirTb eing 
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. or a rubber washer, 


Kr.^^tJidis 



gen is generated from zinc and sulphuric acid and purified by 
passing through wash bottles containing solutions of lead acetate 
silver nitrate and alkaline pyro to absorb H^S, AsHj and oxygen). 

/ With both valves open, hydrogen is sent through the jar for some 
time until, when the gas escaping from the second valve is col- 
lected in an inverted test tube and ignited, it burns without explod- 
ing. The escape valve is then screwed down, the other being left 
open to admit hy drogen./ The electrical terminals are connected 
to the supply 'through a suitablejcsisiance The current heats the 


eliminate all oxygen contained within test tubes and plates) and 
IS then switched off, the valve leading to the hydrogen supply 
being left open until the jar has cooled when il is flosed, the 
hydrogen supply disconnected and the jar incubated “"An indicator 


3 ml , water to 100 ml , (c) glucose 6 gm., water tmoo ml and 
a c rystal of thy mol. The mixture, in a test tube, is boi led until 
colourles s and put into the jar with the cultures. *^t_reiDain^ 
c olourl ess-so-loac^S-oxve en is excluded, but tum s_blue-in-lh&, 
presence of very slig ht, tra ces of that gas.^Plate c ultures in the 
anaerobic jar are oftw damaged by excessive condensation of 
water. This may be prevented by putting in'the JarThe lld'of a 
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Petri dish containing a layer of anhydrous, granular calcium 
chlondc. ' ' "" 

A smhil V-shaped piece of iron shou ld be placed astride the 
rim of a plStc before putting on the lid in order to allow the free 
exchange of gases between the culture and the atmosphere in 
the jar. 

In.dcaUng wiLh.anae robcs. t j ^ greatest difl lcultyjs experienced 
in, obtajning^purc .cullurcs. vOrdinary' plating methods, which 
usually succeed with aerobic organisms, frequently fail with the 


uniform rate, neither outgrowing fljcSEc^Il has frequently been 
found that a bclicscd'fiurc stock culture of an anaerobic bacter* 
ium, which may have been cultivated for years in a laboratory, 
really consists of two distinct species. This fact explains the 
•^great divergence which formerly existed, and even now exists 
^lalthough to a less extent, ^in the standard descriptions of the 
ftcharactcristics of certain anacrobcs.v1<cpcatcd plating, diflcrcntia l 
heatin g, by which less resistant bacteria or sporcs_a rejdeslcgtf J, 
dilution methods and animal inoculation. If practised with great 
care and skill, may succeed in the production of a pure culture; 
,^but the only reliable method is by the isolation and culture of a 
’''single bacterium or spore actually seen with the microscope at the 
moment of its capture. The methods of doing this (such as that of 
Barber) are dilTicuIt and extremely tedious, and arc impossible for 
the student, or indeed for any one who has not devoted a consider- 
able time to mastering the details of^c technique. 

✓ Cerf ' • prow best in an 

atmosr ‘ ' ' * • • _cnrbQ n_diQxi de| 

some s ,, 1, grow only in a 

similar concentration: others, such as staphylococci,, produce 
maximum amounts of toxin in the presence of about 20 per cent, 
of this gas./ The growth of the majority of other, less fastidious 
bacteria, especially if the number inoculated is small, is improved 
by the addition of up to 5 per cent, of carbon dioxide to the 
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atmosphere in which they are incubated. For test lube or plate 
cultures of such bacteria, the necessary conditions are most easily 
provided in ajar, such as that of McIntosh and Fildes.-'The mix- 
ture of carbon dioxide and ait or oxygen may be forced into the 
jar under pressure through one of the valves, so displacing the 
jar's original content of air through the other. Alternatively, car- 
bon dioxide may be produced in the jar by adding acn^to a tube 
containing a weighed amount of sodium jnearbona^ immediately 
before the lid is closed (1 gm. NaHCOj produces 260 ml. of CO^) 
or by placing in the jar a weighed amount of carbon dioxide snow 
U gm. yields 500 ml. of the ga^. 

For the cultivation of bacteria an incubator for maintaining the 
cultures at a constant temperature is essential. The optim um / 
temperature of growth for the majority of human bacteria is that 
For g^tin medium a temperature of from 20°* 
to 22° is suifable.'^Five* water baths, adjusted to operate at 37°, 
44°, 52°, 56° and 60°, are also frequently required for culture or 
other purposes. 
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SPECIAL TECHNIQUE 

In this chapter it is proposed to describe the technique of certain 
operations carried out in the laboratory. 

rnumcration of Bacteria 

The methods for estimating the pumb er of_ bacteria in a. fluid 
can be divided Into two groups— microscopic methods and cul- 
tural methods. The former give an estimate of the total bacteria 
present, whether living or dead, the J_attcrj)nly of living jactcrig. 

It must be emphasised that no available mcthod,yicIds \cry 
accurate results and, even when every care is taken, '"errors of the 
order of * 25 per cent, must be considered quite moderate. 

It is always worth while to devote considerable attention to the 
method of sampling so as to secure a representa tbe sarnple and 
also to avoid contamination with material not under examination. 

Before carrying out the examination, every effort should be 
made, by shaking or other mixing mclhods.^lo get as jjniforraJ 
suspension of bacteria as possible since bacteria suspended in 
fluids have a marked tendency to adhere together in clurripsT 

Microscopic Methods 

1. Probably the best microscopic method is that in which a 
special type of counting cham^r, similar to a hxmocylomcter 
with T homa_ru{in_g but with thc’cciljepth only 0 01 mm., is used. 

/The suspension is j^curalely diluted with distilled or filtered 
waterf^hc extent of the dilution (I : lo, I : 100, I : 1000) depend- 
ing on the probable number of bacteria present. A loopful of the 
well-mixed dilution is placed on the ruled area and the cover glass 
adjusted. The slide is left for a few minutes to allow the bacteria 
to settle and the preparation is examined microscopically, using 
the 1/6 inch objective and a high power ocular. The best results 
82 
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are obtained if a dark ground condenser is used but, failing this, 
the diluting fluid should be tinted with ^yc such as methyl 
violet. The number of bactena seen in 100 small squares is 
counted and thc^verage calculated. Since th'c~dimensions of a 
small square are 1/20 x 1/20 a nd the depth of the chamber is 
1/100 mm, if the fluid undergoing exammation was ^iluted 
and ■ ■ _ " ’ .. .:js8,_the 

fluid contait • ■ • • • ■ _ :ub. , mm. 

=32,000 miliiuii pel lui., 

2. A much less accurate method is to lay a grease-free slide on 
a piece of paper ruled in square centimetres. A volume (usually 
0 01 ml.) of the fluid is accurately measured on to the slide and, 
with a platinum wire, is spread evenly into a film covering exactly 
2 sq. cm.'^he film is dried in air and is then fixed, the method ofj 
fixation depending on the nature of the fluid; if water or saline,! 
heat fixation is satisfactory, but if milk, the film should be treatedl 
first with xylol in order to remove the fat and then with methyl 1 
alcohol in order to fix it on the slide# 'll is stained with a simple | 
aqueous solution of m ethylenej ilue, gently washed with waterJ 
and dried, preferably in the incubator. It should not Ije blotted 
as some of the film would be removed by the paper.* ^efore the 
film is examined, the area of the field observed with the optical 
system of oil-immersion lens and ocular to be used is determined 
by "using as object a glass scale divided into unfts each .o f_l_Qu^ 

/If the diameter of the field is 16 units ( = 160p =0 016 cm.) its area 
' IS 0 0002 Sq. cm.*^e average number of bacteria per field is now 
determined. Since the area of the field is 1/10,000 of the area of 
the whole film and since 0 01 ml. of fluid was spread m the film, 
the number of bacteria per ml. of the fluid will be 1,000,000 times 
the average number per field. This method, which is essentially 
that" of Pre'seott and Breed, is occasionally used for the rapid 
examination of m ilk. 

3. A m«hocl of estimating the number of bacteria suspended in 
water, saline or other clear fluid which, although not very accurate, 

IS adequate for the standardisation of su sp erisions for vaccin es, 
agglutination tests and many other purposes, is to compare the' 
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■' opacity of the suspension with that of a standard tube which 
, contains a suspension of barium sulphate. It is convenient to 
have a series of standard tubes of different opacities which were 
originally standardised by comparison with accurately counted 


species per ml. 


Cultural Methods 



(a)N . 

are dealing with bacteria as they occur m nature, in water or milk 
for example, •'no single medium or cultural method will permit 
the growth of all the organisms present, (c) Bacteria fendji ^flccur 
m c hains or clusters or to adhere together in clumps and, •Unle ss 
' ’ ' ■ • 'ts compone nt individ uals,.it_will 

• ' . * s if it wer e a sin g le individua l. 

' • ly be used. The methods apphc« 

ab|e to each will be considered in turn. 

I. Agar is the solid medium most commonly employed. Jrjto , 
each of a senes of sterile tube s, except the first, is measured_9_ml. 0' 
of sterile dilut ing fluid. Either water or saline are commonly 
used, but certain types of bacteria die quick ly in either and dilute 
broth fl or 2 per cent , in saline) is preferable . Some of the fluid 
to be examined is placedTn the first tube and, with a sterile I ml. Ji 
pipette, 1 ml. is transferred from the first to the second tube: the 
pipette IS returned to the first tube. With a fresh sterile pipette the 
contents of the second tube arc thoroughly mixed and I ml. is 
transferred to the third tube' the pipette is returned to the second 
tube.v^his process is repeated until each tube, which now will 
have a pipette standing in it, contains a dilution (1 : 1, 1 : 10, 

I : 100 etc ) of the fluid. <rhe number of tubes used depends on 
the probable number of bacteria m the fluid. *Agar stabs, corre- 
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spending to the number of tubes, are heated in boiling water until 
the agar is melted, •^hey are then cooled to 50'’ and to each is 
added 1 ml. of the contents of one of the tubes. This is incorpor- 
ated in the medium by rolling the tube between the palms, and the 
inoculated medium is poured into a sterile Petri dish where it is 
allowed to set. The plate so formed is then incubated, usually for 
24 or 48 hours, and most commonly at 37° but, for special pur- 
poses, a lower temperature (22°) or a higher (44°) may be used 
. • ■ idJone-isjelccted 

. ... bcrmgjtsj:lose to 

■ . ^ using 

/ The number of colonics multiplied* by the reciprocal of the 
... ~ ^ capable of growing in agar 

In stating the re^lt only two , 
*If. for examBl en78 colonies 
are counted in the plate made with I 0 ml. of the 1 : 1000 dilution, 
this should be reported as 180,000 bacteria capable of growing in 
agar per ml. This is often, rather inaccurately, .shortened to 
180,000 bacteria per ml.''^oth methods of reporting ignore th? 
.d'act that a chain of streptococci or a clump of other bactena gives 
rise to only one colony and so is recorded as only one bacterium. 

(T The information afforded by fluj^ media is limited. In one 
method, I ml of the fluid to be examined anti the same volume of 
each of a senes of decimal dilutions of it arc inoculated into tubes 
of broth which arc incubated, ’'turbidity indicates growth and 
therefore the presence of at least one bacterium in the volume of 
fluid inoculated, -'if, in a senes, the tubes* containing 1 ml. of 
1 : 1, 1 . 10 and 1 : 100 dilutions show growth and the tubes con- 
taining 1 ml. of 1 . 1000 and 1 . 10,000 do not, the result should 
be stated as — “bacteria capable of growing m broth were present 
in 0 01 ml. but not in 0 001 ml”. This is frequently reported as 
“IQO bactessa piesiewt per wA”. "Neitlaet -nseWiods of seprortmg 
accurate, but the second is much less accurate than the first 
Irregularities exist owing to the impossibility of getting an abso- 
lutely even suspension and also, apart from this, they are inherent 
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in the method. ‘Suppose a fluid containing 1000 bacteria per ml. 
is tested in this way, the quantity added to each tube being one- 
tenth of that added to the previous one. The lubes receiving 1 0, 
01,001 and 0 001 ml. should show growth and those with 0 0001 
ml. and less should not./^In practice, wc might find that, in some 
tubes receiving 0 001 ml., the result would be positive and in others 
negative, and also we would occasionally find that, in later tubes, 
a few positives would occur becausc.'^lthough^each one-thou- 
sandth of a millilitre should hold only one organism, this occupies 
only a very small part of that volume and would be present in a , 
particular ten-thousandth or one-millibnth part of a millilitrg. ^^t' 
ji is advisable, if this method is,uscd,.to_duphcate or.triplicatc each; 
volume and to regard as positive onl y a volume which . g iv&sj 
growth in the two or the threc"^bi^’jnocul3ted with.it as thisj 
reduces, to some exte’nt, the errors of sampling. Jf each of three 
lubes of broth inoculated with 0 001 ml. of fluid shows growth, 
there is a much higher probability.that the broth contains 1000 or., 
more viable bacteria per ml. than if growth occurs in a single tube 
inoculated with the same amount.' By increasing the number of 
tubes inoculated with the same volume of the fluid still greater 
certainty is achieved. For the lamin ation of water iMs now 
customary to inoculate one bottle”with"30*fnr of watbr, five tubes 
each with 10 ml., and five tubes each with 1 ml. Statistical con- 
sideration of the possible results has yielded a set of tables known 
‘ as McCrady’s tables ^see Chapter XLYIII). These show . for_any 
combination of positive results, the “probable number of bacteri^ 
per loo ml”. 

- Broth has been described as the fluid culture medium used, but 
in practice broth is rarely employed Much more commonly the 
medium is lactose bile salt broth and the method is used not to 
estimate the number of bactena present but th ^num ber of lactose 
I fermenting bact^a present. These, if present in wa ter or milk. 

• u sually indicat e'T gcal co ntami natio n. . 

For the purpose of estimating the number of other types of 
bacteria, media adapted to their cultivation may be used in a 
manner similar to that described for agar or broth. 
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Filtration 

Filtration_in_the_bacteriolo^caLscnsc is employed to obtain 
w ater or other fluids free f rom b acteria for domestic or laboratory 
use without resorting t o heai.‘^tjjLa!sQ_used_to separate soluble 
ba^tena^ prod ucts present liT a fluid culture from the bacteria 
themselvjis. The filter s may 
be composed either of_uj;k'.w» 
g lazed p orcelain (Chamber* 
land ancTDoulton), of dia to; 
maceou s earth (Berkefeld 
and Mandlcr), of yntered 
glass or of asbestos (Seitz).' 

They are commonly made m 
the form of t hick*wa Ued 
t ubes, called candles, closed 
at one end and with the 
other end fitted with some 
kind of attachment (metal in 
the case of the Berkefeld and 
glazedporcelam in the Cham- 
berlain and DouUon filters), 
to which a^rubber tube or 
stopper may be fitted. Since 
filtration without the applica- 
tion of pressure would be too 
slow to be practicable, it is 
necessary to force the fluid through by applying pressure greater 
than that of the atmosphere or, as is more usually done, to utilise 
atmospheric pressure by exhausting the receiving vessel, which 
may be accomplished with ^vacuum pump. Exce ssive pressure is 
to be.avoided, as it may force bacteria through the pores’ofThe 
filter and, on the other hand, filtration should be earned out as” 
rapidly as possible^ 'since bacteria may grow through even some 
of the finest filters if sufficient time is allowed. One method of 
using a small Chamberland filter is shown in Fig. 25. Here the 
fluid to be filtered is introduced into the candle, through the 



Fio 25 — Small Chamberland 

Filter, 
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opening in the top, by means of a pipette, and the filtrate is col- 
lected in the flask, filtration being efTectcd from within outwards. 
In Fig. 26 a Berkefeld filter is shown arranged to filter from 
without inwards. The candle is surrounded by a gl ass m antle, 
open at the top, into which the fluid to be filtered is poured. In 




Fig. 26 — Berkefelo Filter 


Fio. 27. — Seitz Filter. 


both cases a negative pr essure is created in the receiving flas k by 
means of a vacuum jpumg. / 

Sintered glass filters are made of finelv„g round glass fused 
sufiiciently_to make the small particles adhere. disc of th is 
material is fus^ into_a funnel, c onstituting a diaphrag m, through 
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which fluid is aspirated by the negative pressure m the receiving 
flask. 

Th e Seitz filter is made of metal and holds a disc of compressed 
asbesto s through which fluid is obliged to pass m order to reach 
the receiving flask. , , 

DifTerent grades of filter s may be obtained, the coarser of which 
(Chamberland LI and L2, Bcrkefcid V and Seitz K (or FCB)) 
cannot be relied on to prevent the passage of bacteria. None of 
the ordinary bacteria will pass through Chamberland L3, L5, or» 
F, Doulton, Berkefeld N or \V, or Seitz EK (or GS) filters, and 
few of the filjerable viruses will pass through Chamberland B,. 
L7, L9, or Lll filters. The majorlty“ of sintered glass filters are . 
merely cla^yingJjUers but some are bacteria proof. 

In all cases it is newssary to sterilise the assembled apparatus 
in the autoclave When a candle ha s been used, its pores become 
choked and the filter works more slowly. The following method 
of c leaning can be recom mended. ■^Tie filter is soaked in bleaching 
lime solution to disinfect it The outside is brushed \^]ra'stifi‘ 
brush ancf is washed by aspirating or forcing saline through the 
wall in the reverse direction from that in which filtration pro* 
cceded. The candle is then ^iled in 2 per cent.sodmm carbonate 
solution for half an hour and then in several changes of water. 
Finally distilled water is again forced through the walls. All filters, 
whether new or cleaned, before being assembled should be tested 
for the presence of minute cracks. The simplest method is to 
immerse the candle under water and pump air into it by means of 
a rubber tube attached to it/lfa crack exists, air will nass through 
It and the bubbles will be visible under the water. • Wintered glass 
filters should be washed through in the reverse direction by water 
followed by nitric acid and this, in, turn, by large amounts of 
water. Since a new disc is used in the^eitz filter for each filtration, 
the question of cleaning the actual filtering material does ^t arise. - 
. ymafiltiaUpw IS tJve. teem applied to filtration through collodvon .1 

^ filters w hich p revent tl^ transmission of all bacteria but allow . 
smaller particles, such as viru ses, to pass through. -Collodion 
membranes are porous and, althougb the pores arc always very 
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(inc. their si/e can l>c coniroHcil hy Ihc exact mclfiod of prep,jra* 
lion of the membranes. When the axcrape pore si/e (A.P.S.) of 
one of these membranes, ns they arc e:jllcd. is 10 mit. 

only the smallest isf the siruscsVan pass through, sshilc co.irscr 
membranes (A. I* S. Iji) permit the passagcofalmoii all the siruscs. 

Animal Inoailalinn 

Ilxpcnmenls on lising animats arc essential in bacteriology, but 
must not he performed in Great llritain or Ircl.ind ssiihout a 
Goscrnmenl licence. 

The common labofator>’ animats arc guinea-pigs, rabbits, 
mice and rats. Material containing b.-icteria may he injected 
subcutaneousi), inirapcriioneal!>, intrascnously or into the brain. 
Less commonl) other routes, into tlic anterior chamber of the 
eje, the lieart or lung, may l)Ccmplo>cd. .Subcutaneous injections 
in guinea-pigs and rabbits arc best m.idc b> sh.nsing the abdominal 
skin, treating ssith tincture of iodine and inserting a fine needle 
oblujucly into a pinchcd*up fold of skin. In the mouse or nt the 
skin near the root of the tail is most conscnieni. In intmpentoneal 
injection, after preparation of the skin of Ihc abdomen, the whole 
thickness being pinched up between the linger and thumb, the 
needle IS inserted into the midst of Ihc fold thus formed, so asoid* 
ing penetration of the gut. When 4hc fold is released the needle 
will be m the peritoneal ciMly. In the rabbit the marginal scin 
of the car is used for intravenous injection. The covering skin is 
shaved and the vein distended by light pressure on it near the root 
of the car. A fine needle is then introduced and the injection 
slowly given. If a swelling forms, the fluid is m the subcutaneous 
tissues and not m the vein*' Intravenous injection of the guinea-pig 
IS difTicult, but intracardial injection can be earned out quite 
easily. Injections can be made into one of the veins situated near 
the root of a rat's tail. 

Blood samples may be required from Ihc hsing animal. In the 
ease of the guinea-pig, the animal is an.esthctiscd with ether (a 
cone made from cardboard to fit over the nose and mouth and 
containing cotton wool moistened with ether is an excellent mask) 
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and held extended on its back. A needle, similar to that used for 
human intravenous injections, is connected by a short rubber tube 
with a wide glass bulb to the other end of which a long rubber 
tube is connected. The apex beat of the heart is found'and the 
needle inserted m a backward and inward direction.^ Suction is 
applied by holding the end of the rubber tube m the mouth, and 
blood usually appears in the glass tube or, if not, the needle may 
be slowly withdrawn, suction being mamtaincd, as sometimes the 
needle penetrates the heart completely In this way abou t 10 m l. 
of blood may be withdrawn without endangering the animal’s life. 

Blood may be obtained from a rabbit by cardiac puncture or, 
from Its ear, by puncturing the marginal vein with a triangular 
needle and allowing the blood to drop into a tube. If the ear is 
kept warm and the skin previously rubbed with vaseline as much 
as 50 to 60 ml of blood may be taken from a suitable rabbit If a 
rabbit is to be bled to death, it is first anssthetised and the blood 
collected from the carotid artery after the vessel has been exposed, 
or blood IS aspirated from the heart as described above. A small 
blood sample may be obtained from the mouse or rat by cutting 
off the terminal portion of the tail. 

An animal dying after inoculation should be thoroughly 
examined" It is tied on a board and the hair soaked with 2 per 
ce'nT'lysol The skin is completely reflected from the anterior of 
the thorax and abdomen; with fresh sterile instruments these 
cavities arc opened and the organs required for culture are 
removed and placed in sterile Petri dishes In many cases it is 
necessary to obtain a sample of the blood from the heart. This is 
done by searing the anterior surface of the organ with a cautery 
and penetrating this portion with a sharp sterile capillary pipette 
into which a few drops of blood are aspirated. Juice from other 
organs, for culture, may be obtained m a simila^manner. 't 

Antisera are widely used m the laboratory. Agglutinating sera \'/ 
for the identification ofjia thQgenic bacteria a nd h femolvtic serum .^; -^ 
w hich is used m the Wassermann Reaction , being those most 
commonly employed For their production the rabbit is the 
animal of choice Where very large amounts are required, how- 
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ever, horses or goats may be used. Rabbits may be injected sub,;, 
cutaneously or intraperitoneally, but the intravenous route is to 
be preferred. The skin over the marginal vein of the ear is shaved. 
By massaging the ear and then compressing it lightly at the base, 
the vein can be made to stand out prominently so that it can 
easily be entered by a sharp hypodermic needle attached to a 
syringe containing the inn('»»tnTn 


a nd since ^ba cterii , 

initial do se for_th 
' usuajiy.the lar gest 

^ rfentb,nf,the_nnim .. 

reaction following the injection of a small number of the jughly 
toxic salmoncll® or shigclte, while fifty or more times the number 
of streptococci can be given without apparent effect, provided 
these have been washed free of exotoxin., % * 

' Three, four or more injections are given, t he’^ose b eing 
increased on cach occasion as immunity to thcjOMC constituents 
of the bacteria rises^. »^ As.ajule.-susnen $io ns of killed bacteri a arp 
adequate . Occasionally, however, as in the cas'rbf th ^i ant igen 
' of_S<7/m. rvMf. m aximum response is not_achieYed unless jwiog 
^organisms are used, but these shbuld not’be given until consider- 
able immunity has developed from prior injection of killed 

cultures^ ' * «" « * 

qre those , ^ ^ 

p Salmonel 

’ the,d}odies-(0^.,otUlK-.bacteria prepare an* H_antiserum ,», 
formalin is added (0 25 per'cent.) to an actively ihotile broth 
culture of the organism which is then allowed to stand on the 
bench overnight to be sterilised>'‘^e killed culture is diluted with' 
025perc'**'* 
or ganism _ 

^en ex£ ... i 

' * culture are 

1 ' • must jirstj?e 

.■ , * ter bath for ' 
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2 hours. Treatment wi th alcohol, which destroys flagell^ 

’ ‘ iwec to stimulate produc- 

icn diluted with saline to 
, “ ^ • for H suspensions One* 

ml. constitutes the initial dose. "X total of four injections, given at 

' 1 each occasion, 

• ' • animal is bled, 

• L-toJZ-days .after 

the.last.injvtion. The blood is discharged into a wide tube or a 
bottle, which is left in a sloped position until a firm clot has 
formed. \ ^e serum which separates is pipetted off into a clean 
tube and cleared of residual red cells by centrifuging. Sera may be 
preserved by maintaining them in the frozen state or by the addi- 
tion to them of an antiseptic su ch as chloroform or phenol. 
PhenoL(2-pe t .cent. > .in-glycefol.(S0Lp er cent ) buff gred_at pH 6 5, 
IS a valuable prese rvP»»»'‘»-f<-‘>-[;'»n*ral One*part of this is 
added to four parts of serum to give a final concentration of 0 4 
per cent phenol and 10 per cent, glycerol. The inclusion of the 
bufrer_enhgncei4he.keepmg.propertiesu}£.the-seruin. 

For the preparation of l ^molytic sera , 'the red cells are 
thoroughly washed in saline anTT*suspen«on made one quarter 
the strength of the standard suspension used in performing the 
Wassermann reaction The first injection consists of I ml. of this 
suspension The subsequent steps in preparation are similar to 
those described for agglutinating sera. 

Preparation and Use of Vaccines 
Bacterial va ccines are suspensions of bacteria, living or dead , 
used tor the produ ction of active im munity. The organisms are 

✓ 

^ . , . , ' . ' 

and heat (60°, or a somewhat lower temperature, for I hour).^' 
Sjnee either phenol or heat or a combination of the two” may ^ 
/destroy certain antigenic substances of some types of bacteria. 
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Other methods of killing, such as by the use of alcoho l, are some- 
times employed.ySamples of the suspension should be inpcul^ted 
into fluid media undw both.aerobic and anaerobic conditions to I 
determine both that the organisms used have been kille J and that K 
no living contaminant is present. / 

The number of bacteria in the suspension may be determined by 
any of the microscopic methods describtd for the enumeration of 
bacteria in this chapter, ysince the action of, vaccines on the 
patient is very much more variable than is~ that of drugs, we are 
doubtful if great refinements of counting methods are of much 
value. 

Vaccines are diluted for use and are supplied either in sealed 
glass phials, each intended forh single dose, or in rubber stoppered 
bottles containing 10 ml. for repeated use. The latter are much 
more easily prepared and are more convenient and economical 
in use. The bottles containing 10 ml. of carb ol saline are auto- 
claved. The rubber stoppers (preferably'Yhe'' skirted type)" are 
boiled in 5 per cent, phenol and are fitted as soon as the bottles 
are removed from the autoclave. T he fina l dilutions, except in 
the case of ^cohol khled vacci ne, sh oul cTalways be _ma(!ejh 
carbohsaTine. y’^hen we know the number of bacteria per ml. in 
the sus^hsibn, it is an easy matter to calculate how much carbol- 
saline should be removed from a bottle and replaced with the 
same amount of the suspension to give 10 mj^of.vapcine of the 
required strength Fluid is removed from or added to vaccine 
bottles with a sterile graduated synnge fitted with a fine needle 
which punctures the rubber cap after this has been treated with a 
disinfectant such as 5 per cent, pbenql. 

An autogenous^ vaccine i s on e prepared from the bacteria T 
isolated from the patient's own lesion.'^ stock vaccine is prepared 
from the bacteria isolated from the ie^sion of^anotRer patient * 
suffering from a similar condition gr, more usually, from a number 
(^strains of such bacteria./A mixed vaccine, that is one contain-* 
ing more than one variety of orgariism /is~uscd in conditio ns such 
as^chrqnic bronchiti^or acne when itTs ^Hev^Jhat more'than 
one_qrganism_ may_play _a part.in.the atjology of the conditiorT. / 
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Detoxic ated va ccine s are made from bacteria freed from their 
endot oxins by ireati^ent with chemicals or by disintegration in a 
mil l. The fact that enormous doses of these vaccines can be given 
without severe reactions appeals to some people ^esredka intro- 
duced sensit ised^accines which were prepared by treating vaccines 
with their antisera^and then centrifuging and washing the treated 
bacteria. Tl^y. consist of bacterial antigens combined with their 
antibo dies, the purpose of which is to reduce the toxicity of the 
antigens. Besredka was also responsible for the Introduction o"T 
the oral method of administration of vaccines. He claimed that 
if a bile pill were swallowed, the mucous membrane of the intestine 
was rendered capable of absorbing the bacteria in the vaccine and 
of developing a'local immunity superior to the general immunity 
resulting from the subcutaneous administration of a similac 
vaccine. Few w'orkers are prepared to accept Besredka’s views. 

Vaccines may be uscd.**prophylactica!ly or therapeutically. 
There can be no doubt of the cfllcacy of vaccines as prophylactic^ 
of Certain diseases. -T^rom one to five subcutaneous injections, 
depending on the organism, at intervals of 1 to 2 w’eeks give, 
against a number of diseases and particularly the enteric fevers, 
an immunity which can be demonstrated in the laboratory'by an 
increase In the'amount of specific antibodyjn the subj'ect’s scrum_ 
and, much more important, '^hich protects against all but massive 
doses of the pathogenic organism For the preparation of prophy- 
lactic vaccines, cultures of’^eshly isolated and fully'virulent 
’* organisms should be used and'eare should be taken not to damage 
their antigenicity by the method of preparation of the vaccine 

Vaccines have now been used therapeutically for many years 
and there can be no doubt that the riumber'of honest, critical and 
competent persons who believe in their cfTicacy is very much fewer 
than It was in, say, the year 1910. Many of the successes attributed 
to vaccine therapy were probably due to a coincidental ratherthan 
consequential recovery from the disease and more _sti!Mo the 
faith of the patient in vaccines, in (he "ritual of inoculation or m 
the inoculator.’ yTheir use in acute condifidhs'has been almost 
completely abandoned, as was to be expected on theoretical 
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I. •. . we require either aVolIection 

1 { / ' ^ "T • , onditioncd to a different type 

( ' . ‘I.. * i hage and a collection of cul- 

t , , ' ■ , ' », with the aid of which the 

phage can be conditioned to each type of bacillus. 

If we have a Type II phage, conditioned to Tj^e F Salm. ty phl^ '' 
which we wish to condition to '^pe C baciiji, ^ve’^3 undilute 
F phage and the same diluted 1 : 10 and 1 : 100 to areas spread 
with Type C bacilli and incubate.-? We select an area showing a 
few well separated plaques and, with a sterile knife, cut out a 
piece of the agar including some of the culture of bacilli and only 
one plaice. We drop this into broth and incubate for 18 to 24 
hours. L/fhen, after healing to 58® for 30 minutes, which is suffi- 
cient to kiljany surviving typhoid bacilli butnot thcpha ge.wemake 
I serial dilutions of this (1 : 10, I : 100 and so on up to 1 : 10^® in 
broth), add to each an equal volumaof a young culture of Type C 
bacilli, and incubate for 18,hours.l^hc last clear tube in the series 



fqr^ 30 minu^s. P hages can be prese rved for months in the 
r^ngerator, 

We next determine th ^j^itical Testjgoncentration (C.T.C .)_of 
I • ’ ■ ' ' ■ ’ ' TI.' ’ . -thejjhage 

i . ■ / * .1 . .usJiK-sf 

J _than _t he 


it IS always necessary, in^ty2jjigjsttam9,-to-use-the-phage.at.its 

/ Before we attempt to type a strain ofSaInx. typ hi, we must find 
out if it IS in V form, as Type If p ha ges act only on V forms (i. e. 
those containin g Vi a ntigen). We discover-this by testing it with 
j some of the other phages (IlT and l.Vl which lyse V forms of 
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Sainj. typhi, irrespective of type^ but not^V forms winch do no t/ 
cjuitnin \\ antiffn nr.traasilional-forms which-contam little-oLiU 
Having satisfied ourselves that the new strain is of V f orm, we 
carry out the test. On an agar plate we spread a number of areas 
with a young broth culture of the organism in the way already 
described and allow these to dry. * ^0 each we add a drop of a 
preparatipn o f^phage conditione ^to a particular type of Saln 2 . 
Jji^jiveacBlJiluted Jo.Us CT.G. -which has^ already been ascer; 



Fig. 28 — Action of Phage on Salm . lyphi 


tamgd. '’A fter i ncubation it wll be seen that only one area shows 
"confluent lysisVthe others showing at most isolated plaques. The 
o^gamsirTunder test belongs to tlie_§ame type as that to which the 
ph^ge causing confluent lysis belongs ^ 

Similar methods are used for the phage typing of staphylococci 

and other bacteria. 

Fig. 28 illustrates the results obtained in carrying out some of 
the procedures described m this section. 
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.To type ^sUoin of typh oid bac illus wc require cither a'tfSUection 


5^s4ai_ 

of phages,jyfl of Type li, each’ one'conditioncd to a different type 
of Saltth^typhi, or aj^gle Type H phage and a collection of cul- 
tures of various types of Salm. typhi, with the aid of which the 
phage can be conditioned to each type of bacillus. 

If we have a Type II phage, conditioned to Type F Salm. typhi^^^ 
which we wish to condition to Type C bacilji, w a'dd undilute 
^ F phage and the same diluted 1 : 10 and 1 : loO to areas spread 
with Type C bacilli and incubate.-? Wc select an area showing a 
few well separated plaques and, with a sterile knife, cut out a 
piece of the agar including some of the culture of bacilli and only 
one plaque. We drop this into broth and incubate for 18 to 24 
hours. itAhen, after heating to 58“ for 30 minutes, which is suffi- 
cient to kill anysurviving typhoid bacilli bjUnoUhegj^gCjWemake 
^ serial dilutions of this (l_: 10, 1 : 100 and so on up to 1 : 10” in 
broth), add to each an equal volumeof a young culture of Type C 
bacilli, and incubate for 18 hours.'^he last clear tube in the series 


for 


30 minu^s. Phage^c^ be preserved for months in the 


We next determine th^Critical 


r^rigerator. 


^ I.- 




cal Test Jgonceiitration (C.T.C .) of 
-7^ ' ' ' ■■ ''the.phage 

• s type of 

■ _thanjthe 

.jason that 


It is always necessary, mj^ging.sfa'ains.-to-iise-the-phage-at.its 


, ^ Before wc attempt to type a strain of Salm. typ hi, we must find 
out if it is in V form, as Type II pha g es act on ly_ on V forms (i. e. 
those containin g Vi a ntjgenl. W e disc over-this by testing it with 
, some of the other phages (IIT pnd LVI.jivbich_lyse V forms of 
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By the use of phage IV it is sho\vn that the three strains are all 
forms and should, therefore, be capable of being typed. In the, 
case of strain 7, phage II F produced confluent lysis and phage 
II C lysis falling considerably short of being confluent Strain 
7 is of type F. These results show the importance of using phage 
preparations at their C.T.C. *l jnless a strain is completely lysed 
by a phage preparation at its C.TC, it does not belong to that 
type^ T he fa ct thaHtJ^partially lysed by a preparatjpn.of phagei 
of a different type at its C. T.C. is of no importance in typing. 

Strain 1 1 is of phage type C. 

Strain 20 does not belong to either type F or type C. In order 
to type It, other phage preparations must be used 
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Loopfuls of young broth cujl[urcs of various stralns_of Salm. 
typin' were deposited as described above at fourteen points on the 
surface of the agar in a large plate. These have produced irregu- 
larly circular areas of growth. 

In the first five of these: 

1 

2 3 4 5 

the organism used was Saint. /i 7>//f-Of-Phage_type F. To each of 
these areas (after drying and before growth had occurred) was 
added a loopful of a dilution of a preparation of phage Type II 


the dilutions used being: 

No. 1 



1 : 103 - 

No. 2 



I : lO-* 

No. 3 



1 : 105 

No. 4 



1 : 106 

No. 5 



1 : 107 


No. 1 shows confluent ly^is, No. 2 almost confluent lysis, No. 3 
a large number of plaques, No. 4 a smaller nuijiber of plaques 
and No. 5 two plaques. The CT.C. of the preparation of phage 
II F for Its homologous organism is, therefore, 1 : lO^,. 

The nine other areas show the typing of t hree strains of S abu 
typhi (Nos . 7, 11 an d 20). preparation of phage IV and prepara- 
tions of phage II conditioned to types F and C were used, each at 
Its C.T.C. The results obtained were as follows: 



C. L. = confluent lysis 
P = plaques only 
Nil = no action. 
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A. The Slide Method 

This method is used to assist in identifying an organism. 
Suppose we have cultured the fieces of a suspected typhoid carrier 
and we find on a MacConkey plate a number of pale colonies 
resembling those of Salin. typliL We take a clean microscope slide 
and, with a Dreyer pipette, put one drop of ialine on it. A portion 
of one of th*e colonies is picked up with a platinum loop and 
rubbed up in the drop so as to make an even suspension. To this 
suspension one loopful of an anti-typhoid serum is added 
and the slide is rocked for a few seconds. If the organism is the 



FlO 29. — SUDC ACOLtmNATION 

A culture of Saint lyphl was mixed with drops of arilise ra prepared against 
Salm. typhi (T), Salm paratyphi A (A), and Saint paratyphi B (B) It has been 
agglutinated by T but no! A or B. 


_ ’ visible 

■ ■ . . if the 

organism is not the typhoid bacillus, or a very closely related 
Salmonella, the suspension will remain uniform without any 
floccules forming, '-'Individual colonies are tested m this way and 
a subculture_is^madc for further investigation from one which is 
found to be.agglutinatcd.by the serum. 

The method is not to be taken as more than a rough and rapid 
one, suggesting rather than establishing the identity of the organ- 
ism under investigation, but within its limitations it is very useful. 



CHAPTER Vfl 


SEROLOGICAL TECHNIQUE 

This chapter, which deals with the practical aspects of serology, 
should be read in conjunction with the theoretical consideration 
of the subject given in later chapters. 


Agglutination Tests 

The agglutination of bact eria by antise ra may be used to assist 
in the diagnosis of disease either: 

1. By mixing the seru m of ^the patient with a suspension of 
known bacteria and so determining whether the former contains 
antibod ies acting on the latter. 

2. By mixing the s erum of an animal wh ich had been immunised 
with a known organism, with a'^fispension of the bacterium 
isolated from the patient and so determining whether the bacter- 
ium is identical with that used to immunise the animal. 

There are four methods of carrying out agglutination tests: 

A. Slide method. 


B. Microscopic method. 

C. Dreyer’s macroscopic method. • 

D. Felix’s macroscopic method. . 

In the following pages questions of ailution are frequently 
mentioned. Whe n a d i lution of scr um in s aline, f or_exam ple, is 
stated to beJ'Tsj^ this means that one,part of serum i s present in 
every fivCyt^a rts of t he diluted preparation. 1 part serum + 4 parts 
saline^^ parts of 1 : 5 dilution. 

* The tit r e^of an a gglutin ating serum is the highest dilution o fjhe 
serum which causes_agglutination oLth^Mcteria against which it 
is tested.^ It may be expressed as a vulgar fraction (e.g. 1 /lOO) or, 
better, as a proportion (e.g. 1 : 100). 
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A. The Slide Method 

This method is used to assist in identifying an organism. 
Suppose we have cultured the fieces of a suspected typhoid earner 
and wc find on a MacConk'ey plate a number of pale colonies 
resembling those of Salm typht. We take a clean microscope sliile 
and, with a Dreyer pipette, put one drop of Saline on it. A portion 
of one of the colonies is picked up with a platinum loop and 
rubbed up in the drop so as to make an even suspension To this 
suspension one loopful of an anti-typhoid scrum is added 
and the slide is rocked for a few seconds. If the organism is the 



FlO 29 — SUDB Acclotination 

A culture of Salm. lyplu was nuxed with drops of anuse rjt prepared against 
Salm iyphHT),SQlm paratyphi A {A),an<iSalm paratyphi B{Q) Ithasbeen 
agglutinated by T but not A or B 


1 ii..r 


' visible 


■ - . . If 

organism is not the typhoid bacillus, or a very closely related 
Salmonella, the suspension will remain uniform without any 
floccules forming, '-'Individual colonies arc tested in this way and 
a subculture is made for further investigation from one which is 


found to be. agglutinated by the scrum. 

The method is not to be taken as more than a rough and rapid 
one, suggesting rather than establishing the identity of the organ- 
ism under investigation, but within its limitations it is very useful. 
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To give it maximum reliability certain precautions must be taken. 

way described above. Some experience is required to secure the 
optimum density of the suspension on the slide. It should be 
rather denser than a suspension made to prepare a film for stain- 
ing. By using the serum in th^d jlution_suggested, fal^e positive 
re§,ult&.due~to insufficiently dilutedLsgOini-g*^^^^^ oiLorganisms 



Fio 30— Microscopic 
Agglutination. 


rented to*. but notjdentical with, the or ganism aea inst which th e 
serum wa s_ prepared will b e, to.some.extent, a voided, as also w ill 
false-jn egative results due to excess ively d iluted ser um, ll is a 
good practice always to make-two identical suspensions on a 
slide and tp add the serum only to one, the other being kept as a 


aiiu-iidgciidi uua me organism ts non-mouie ofii me serum 
IS anti-somatic (O) and*the organism is either r ich in Vi antig en 
or has lost its O antigen.j ^otile bacteria are rich est in H antigen 
\vhen grown m brothl but broth cultures are not sufliciently dense 
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for the slide method.^ Vhen grown on agar, especial ly if its surf^e 
i s dry , and when recently i solated on selective media , antigen 
may be pytially or co mpletely deficienL 

B. Microscopic Method ^ 

This method, which'was that of the originaljWidal test, is nowVv 
rarely used.^^ Vanous dilutions of the seru m under examination 
are mixed with*TBqual volumes of a broth culture of the organism 


■ . ^ jQjg motiMy 

, . ; • . The serum of the 

■ when diluted 1/50 

or I/IOO. Accurate estimations of the titre of a serum by this 
method are impossible. 

C. Dre>cr’s Macroscopic Method ^ . 


/broth culture of an actively motil e strain, treated with 0 1 per cent 
forma lin fo kill the bacilh and diluted with salin e so as to contain 
from 250 to 400 million bacilli per ml., forms a suitable suspension 
which keeps well in the coldv Two tjpes of tubes are used — 
8 5 X 0 75 cm. round bottom tubes for diluting the s_erum and 
6 0 X 0 5 cm tubes with c onical e nds for carrying out the agglutina- 
tion Measurements are made m’terms of drops, a special type of 
pipette — Dreyer's — being used. To obtain drops of uniform size 
the rate dfdfdppmg must be slow and the pipette held vertical 
A 1 : 10 dilution of the serum is made in one of the larger tubes. 
If to 18 drops of saline 2 drops of serum are added (or any other 
volume m a 9 • I ratio), the serum will be diluted 1:10 The small 
tubes are arranged in series of 5. To those m one senes are added 
0, 5, 8, 9 and 10 drops of salme followed by 10, 5, 2, 1 and 0 
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drops of 1 : 10 serum. The pipette is well washed and charged 
with the suspension of which 15 drops arc added to each tube. 
Every tube now contains a total of 25 drops made up as follows: 

Tube No. I 2 3 4 5^- 

fSaline ... 0 5 8 9 10 

I 1 ; 10Serumi‘W<...'/> 10 *^5 2 10 

.uV.rSuspensioiK -i^wt.; . 15 15 15 15 ,, 

So yielding: -1- [liar's 

Finaldilutionofserum 1 :25 1 : 50 1 : 125 1 :250 0 

The four tubes give serum dilutions ranging from 1 : 25 in the 
first tube to 1 : 250 in the fourth. T he fifth tu be ac ts as a c ontrol 
t Q_show t h at th e suspension ha s not spon taneo usly agglutinated^ 



Where the titre of the serum is higher than 1 : 250, a second similar 
series is put up using a 1 : _2p 0,dilution of the original serum (19 
drops of saline 4- 1 drop of 1 : 10 serum or in this proportion 
This yields dilutions ranging from 1 : 500 to 1 : 5000. A third 
series may similarly be set up using I : 4000 serum (19 drops of 
saline + 1 drop of 1 : 200 serum, or m this proportion) and giving 
dilutions of 1 : 10,000 to 1 : 100,000. 

> Where this method, is_used z ~ *'■" •*' 

e nteric fever i n unimmuoised"^ ' , ' 

to carry~3iluti6hs further thar ' . • ' , 
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enteric fever may be due eithej to Salni. typhi, or to one of the^- 
otjier salmonella, it may be necessary to test the serum against 
several of these. In the British Islands, enteric fever is almost 
invariably due to either Salm. typhi or Salm. paratyphi B and so 
only exceptionally need other organisms be considered Two 
series, identical as regards the amounts of saline and 1 : 10 serum 
but varying in the suspension arc used. To each tube of the first 
senes are added 15 drops of the typhoid suspension and to each 





Fig 32 — Macroscopic AocLunNATioN T^st (Dreyer's Method) 
Complete agglutination is present m the first two tubes, intermediate m the 
third andstandard m the fourth ThefifthfeontroOtube shows no agglutination 

of the second senes 15 drops of the paratyphoid B suspension. 
The contents of each tube are mixed and the rack is placed in a 
'Vate r_bath at 52°* the level of the water being such that only 
about ^e third of the column of fluid in the tubes is submerged. 
The object'df this is to secure the maximum of mixing caused by 
convection currents. ~ 

• After 2 hours m the water bath, thc_rack_is j-emoyed^and the 
J ubes are examined_individually-withinJOjninutes. Observation 
IS facilitated if the tubes are held against a black background and 
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without serum. Since we are interested m the O or Vi titre of the 
serum/ a TTvIh g suspension of a non'inottlc strain may be used^ 
or, as is preferable, a suspension of an organism killed either 
withmlcohol. to destroy Jia nellaF-but-not somatic-^Ugens, or^ 
with^i mcuric iodide to. Dres erve the Vi antic en. 

The contents of the tubes are mixed by shaking the rack con- 
taining them and this is then incubated at 37° for 2 hours The 
rack is then left overnight at air temperature or, in warm weather 
in a cold room or refrigerator to prevent growth of bacteria, where 
It will not be disturbed and where there will be no irregularities 
of air temperature to cause convection currents in the tubes. 
During-this period the bacteria deposit to the bottom of the 

wm 


Fro. 33 — DEPOsrrtD Bacteria (Feux’s Method) 

1 Complete agglutination 2 Partial agglutination 3 No agglutination. 



tubes are held up above eye level somewhat tilted, their open ends 
being directed to the brightest part of the sky and t heir roun ded 
bottoms are examined with a hand lens /i*(nother method of 
examining the p attern formed by the d epo sited ba cteria is to 
observe its magpfTied image in a concave mirror, such as that of a 
microscopes^^nagg lutinated bac teria ar e depo sit ed, in a s mall 
^nse.Tdiscu»rtKa ^a_rp_rnarpn. at the centre of the bottonToTthe' 
mbe. ijTffose completely agglutinated are aggregated in masses 
easily visible w ith the lensJ . Tnesc masses ar e deposited over th e 
\v hole_o f thejound bottom' bfthe tube wu ere they f nmn nn al rpost 
u niform c aroet. In some cases the carpet has extended almosno_ 
th e veitT^Qide of the tube f r om wh ich it has slipped down 
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phase II of Sahn. paratyphi B contaiiw* antigens 1 , 2 and that of 
S^mnfphimurium antigens 1, 2, 3.\yhe so matic antigens of these 


against antigens 1 and 2, wth either homologous or heterologous 
suspension, removes all agglutinin from it so that the two organ- 
isms still appear identical. If, however, Salm. typhimurium serurn’ 
is absorbed with Sahn. paratyphi B suspension, agglutinin against 
antigen 3 is not removed and so the treated serum agglutinates 
only Salm. typhimurium It has, therefore, been demonstrated, 
that Salm typhimurium p ossesses all the antigens of Salm para- 
typhi B together with an additional one of its own. ^uch an 
/ experiment, where antisera prepared against each of two organ- 



serum to give an homologous titre of "f : 250 prior to absorption. 
To about 5 0 ml. of a very dense suspension of the organism, 
obtained by washing off the growth from half a dozen agar slopes 
in a few ml. of saline, is added 0 5 ml. of the diluted serum. The 
mixture is allowed to stand in the incubator or water bath at 37'’, 
for from 1 to 2 hours when absorption should be complete. It is ' 
then centrifuged to deposit all bacteria, the sup erna tant^ absorbed 
serum is pipetted off and its volume made up to 10 ml. with saline 
This gives a 1 ; 20 dilution of absorbed serum which is then tested 
by Dreyer’s or Felix’s method agains t both the homol ogous and ‘ 
the he terolo gous organism. /I f the latter, w h icITwas used forj 
abs(^p_tiqr^ is agg lutinated, absorption has not been adequate an ^ 
must be repeated using a denser suspension. 
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V '■ ■ 

Grouping of HornioI^Iic Streptococci 'V 

It is difficult to carry out serological identification b^a^utixia* ” 
ti^n methods 'vi^Jjacteria, such as streptococci, j^ich.undergo 
spontaiTcous clumping. Serological identification is best effected 
m such cases by precipitation rather than agglutination and this 
IS the method which should be used in determining to which of 
Lancefield’s groups a hemolytic streptococ cus belon gs. 

It is necessary to fia\^ a supplyof antisera each of which is the ■j- 
serum of a rabbit immunised against streptococci known to ' 
belong to a particular group. It is usually sufficient to have anti- 
sera for groups A, B, C, D and G which are those most co mmogly 
found in relationship to the human body. ^ 

The streptoeo ccu s to be.g rduped js grownuin glucose broth for V? 
48 hours. At the end of this time most of the cocci will have 
deposited in the bottom of the lube. The supernatant broth is 
poured carefully off into disinfectant and the deposit is transferred 
to a centrifuge tube in which it is centrifuged. The supernatant is 
removed as completely as possible with a fine pipette. The 
deposited streptococci are treated as follows: 

'J^*Add 0 I ml. Formamidc. 

2^ Heat in an oil bath at 150* for 20 minutes. 

3. Cool and add 0 25 ml. acidified alcoho l. (Acidified alcohol 
is prepared by adding 5 parts of 2 N. HCI. to 95 parts absolute 
alcohol.) 

4. Centrifuge and transfer supernatant fluid to another tube. 

5. To the supernatant fluid add 0 5 ml.^acetpne. 

6. Centrifuge. Carefully remove the supernatant fluid with a 
fine pipette and discard. 

^7. To the deposit add 1 0 ml. salin e. 

8. Centrifuge and transfer the supematent fluid to another tube 


with a fine pipette. 

9. To the supernatant fluid add a drop of phenol red.solution 
and we ak N a^ CO3 solution until the colour is orange, indicating 


obtained by this treatment is a relativelv_pure 
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responsible for t he group characteristic sj>f the org anism^ If it is 
mbcecLaatiuan-antiseruiprepaiecLbyainmunismg.anjininiarwith 


th eir combin ing proportions. A gross excess of one either pre- 

as sQQn_a s it is fo rmed. For this reason, this precipitation test, 
as well as many others, is best performed as a ring t est, the solution 
of hapten being layered on the surface of the scrum, iithetabove 
or below the interface the two reagents will, as a result_of diffusion, 
^ find a level at which optimum proportions exist and at that point 
prccipUajeJprms. 

‘T'he'^best way to carry out the test is in a small tube 50 x 5 mm. 
Four drops of the extract are placed in the tube and four drops of 
serum are added] The latter addition is made with the tube 
slanted so that it is at an angle of rather less than 30“ with the 
horizontal. The drops of serum are allowed to fall on the inner 
surface of the tube a short distance above the level of the extract. 
The serum, being denser than the extract, flows down the side of 
the tube, through the column of extract and comes to rest at the 
bottom of the tube. NS^en the tube is held upright it will be found 
that there is a sharp l ine o f demarcation between the serum below 
and the extract above Similar preparations are made with the 
extract and each of the sera available. 

The tubes are kept at air temperature fo r half a n hour, when the 
results are read. In the one in which the hapten and antibody 
correspond, ajrmked precipifafe'will be seen at or close to the 
interface between the two ftui^. No such pr ecipitate should be 
pre sent in any ot her tube, i Jrte streptococcus is of the same group 
as the one against w hich the serum giving a_precipitate was 
prepare d. 

Hsmoljtic Tests / 

Th e princip al facts concerning the mnde-oLa ction orn amolytic 
sera can be very simply demonstrated. 
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(1) Collect some blood from a sheep into citrate solution to 
prevent clotting. Centrifuge, discard the plasma and wash the 
corpuscles. Re-suspend the cells in saline, making about a 2 per 
cent, suspension. 

(2) Collect some bl ood frorn.«'tjrabbit which has received, on 
Y two or three occasions, intravenous injections of a suspension of 

washed sheep cells. Allow to clot and separate th e serum . 

(3) Collect blood from a normal guinea-pig, allow' to^clot and 
^separate the serum. 

^ Four small test tubes 9 cm. x i cm. are taken and the following 
reagents are added, measurements being made in millilitres. ' ^ 

J-i 
05, , 

,1 . 


Saline 

Fresh serum of the 
immunised rabbit 
(diluted 1 

The same diluted se- 
rum heated to 56” 
for 10 minutes 

Fresh serum of i 
normal guinea-pig [• 
(diluted 1 ; 10) J 

Suspension of sheep •» 

^ , i 


05 


I ■ 


cells 


05 


0-5 


0-5 


05 I 05 


05 


0-5 


The tubes are shaken and incubated in a water bath at 37” for 
half an hour. The first and fourth will have transparent red fluids, . 
showing that ha:molysis has occurred. The sccond'and third 
wiir^rbe turbid and, iricfT’lbr some time, the uninjured red 
cells wdl^lnk to the bottom of the tube, leaving the fluid above 


either blood cells or complement ar 9 employed; hig her Jem pera- 
tures damage both. Notcinsd that isotonic .s^iae- (Q:S_5_pcr-cen t. 
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sodium-chlorid el is a lways use tLin the nresence nf rpd hlnnd j^plk 
as these would be hiEmolvsed bv water. 


Wasscrmann Reaction 

It may be well first to outline the pnnciples on which this rather 


3ed_ 

)lic 


t)^th 


compIement>./I f the patient is syphilitic, the complement will be 
used up or fixej l /if not. jt -wilLfcmain frge aOh ere is. in the 
mixture, no antTb'ody to ^m bine with thejn tigen. t^ fter a tim e 
we add red_blood cells and the pealed scrum of an animal , 
immunised against these cell^nd, thecefore> containing haemo- 


tesT irnegaiiVe^flntl tlu ;-fun(?nt-t&.iiot-«vpiiiiiTrc it. orTtl^'other 
hand, the cells are not h®molysed, the test is positive and the 
patient is syphilitic. 

There are many methods of performing this test, but the one 
here given (which is b ased on Harn son’s) is, in our opinion, one 
of the most reliable. T he reagents required are : — 

(1) Suspension of washed sheep’s red blood corpuscles — 
see above. 

(2) Hamolytic_serum (immune body, LB.) — see above. 

(3) Fresh guinea-pig serum (complement) — see above. 

(4) Antigem — This p prepared as follows' Take a fresh, 
Aealthy.human heart.v free the muscle from fat, and grind 1 0 g. 

with dry clean sand and 9 ml. of absolute alcohol. Let the mixture 
stand for 1^ hours, shaking occasionally; then filter through 
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y filter paper. This constitutes the heart extrac t. A solution of 


' . I I 

serum is h eated'to ** 

In addition, when a 

> ✓ ^ ■ 
re-test known positive and negative sera as controls. 

So many reagents are employed in the test that it is necessary 
to standard ise each as thoroughly as j^sible. The first to be 
considered is the blood suspensio n, ^ ^anv wo rkers are content 
to (fiUite^the.sedimentc'djc^Is to a definite extent (e.g. to make a 
5 pexxea t ^u&pQnsion): but wc prefer to standardise by the con- 
tent of hremoglobin, winch may be comparc^v'ith the standard 
tube of a Haldane’s hxmoglobinometer, ^/Tn our practice the 
suspension is of such a strength that when it is diluted J with 
distilled water and coal-gas passed through, the resulting solution 
of carboxylii'cmoglobin exactly matches the Haldane’s tube. 

Titration of Immune Dody 

The immune rabbit’s serum (I.B.), which has been heated to 
56° for half an hour, is diluted, say, I : 1000, and to a series of 
tubes are added the following reagents measured in millilitres: 

I. 2. 3. 4. 5 (e) 7. 

Saline ... 0 0 0 25 0 5 0 6 0 7 0 8 0 85 

^ I.B. (1 : 1000) . 1 0 0 75 0-5 0 4 0-3 0-2 015 

Fresh guinea-pig se- 
rum (diluted I : 10) 0-5 0 5 0 5 0-5 0-5 0 5 0-5 

Standard blood sus- 
pension (diluted 

1 ; 2 with saline) . 0-5 0-5 0-5 0-5 0-5 0 5 0 5 

The contents of the tubes are mixed and the rack incubated in 
the 37° water bath for half an hour. If the hjemolytic serum is a 
good one it will probably be found that tubes 1 to 6 sho^w complete 
htemolysis (i.c. the fluid is quite clear \vithout any turbidity). 
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while ti^e 7 shows an opalescence which is due to unhsmolysed 
cells, y rhe last tube shoa ’in g -complete haemol ysis conta ins_pne 
'mTnimum h;emolyt fc~dose^CW-'IT‘D.yorthe imni^il^od y^^n~'t^s^ 
case'the'M.H D is 0 2 ml. of I t Tobo serunTor 0^0002 ml. of 
serum. In this titration it is to be noted that in each tube we had 
present 0 5 ml. of a 1 : 2 dilution ofthe standard blood suspension 
which IS equivalent to 0 25 ml. of the standard suspension. 

A dilution of the immune body is now made so that it contains 
5 M H.D in every 0 25 ml In the titration recorded above 
1 M H.D =0 0002 ml., and.tberefore 5 M H D. =0 001 ml. So 
we make a dilution of the'l.B . conta ining 0 001 ml_ in a total 
v olume of^O 2 5.ml or, since we shall require a larger volume, an 
equivalent dilution such as 0 2 mL in a total volume of 50 ml., 
saline being used as the diluent u T o this w e add an equal volume 
of standard-cell suspensio n, and this mixture constitutes the 
• ^gensit^edCellSu^nsion” whi ch, in each 0 5 ml., contains the , 
correcf^mouni ot cells ana :» M H.D. of I.B" ‘^ b-mixturajs.aa.. 

1 .. . .t.i. rA/,„,V,'r>n in at 



subsequently every few months 


Titration of Complement 


The fre sh serum of a healthy guinea-pig (preferable male; but, 
if a female, not pregnant or recently delivered), bled either the 
same day or the previous evening is diluted 1 : 40 with saline, 
and into a series of tubes are measured: 

I 2 3 4. 5. 7 8 

"^erumir^O)} 


Sahne . . 1 02 1 06 1 10 1 14 M8 1 22 1-26 1 30 


Sensitised T n 

cell suspen- ^ 0-5 0'5 0 5 0 5 0-5 0 5 0 5 0 5^ 

gion — J ojnC 
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The contents arc mixed and the tubes incubated at for half an 

hour,.J'he earlier tubes will probably slip^ complete hfcmolysis, 


' 1 M.H.D. of complement ispresent inO 28 ml.ofl : 40 guinea-pig scrum 
=0007 ..undiluted „ ,. 

••• 3 „ „ 0021 ,. „ ,. 

so, in order to prepare a dilution of guinea-pig scrum such that 
each 0 5 will contain 3 M.H.D. of complement, ue must dilute 
0 021 ml. up to 0 5 ml. with saline or, to make a convenient 
amount, we must dilute 0-84 ml. of the scrum with saline to make 
20 0 ml. Again— 

1 M.H.D of complement 1$ present in 0 28 ml 1:40 guinea-pig serum 
=0 007 „ undiluted „ 

-.5 0035 

To prepare the 5 M.H.D. dilution of comple ment we dilute 0 035 
ml. of guinea-pig serum^ up to 0-5 ml. with saFine, or 07 ml. 
up to 10 0 ml. 

Since the serum of a fresh guinea-pig is used on each occasion 
I when tests are performed, it is always necessary to titrate the 
^ complement as a preliminary to the test proper and to prepare 
the 3 and 5 M.H.D. dilutions. 

The Test 

For testin^.ench yerum threc-lubes^r e employed placed onA 
behind the otheL « Into the three tubes the following reagents are 
^ measured, a {Vesh pipette being used for measuring each serum. 
/*It is usual to measure out the serum to be tested into the tubes first, 
^then to add the necessary salTne to all, and subsequently the 
^complement and^ntigen. 
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Patient’s serum 
(heated to 56°) 

Saline 

, I Complement 3 M.H.D. 

Complement 5 M.H.D. 

Antigen . 

The tubes are shaken, left at'room temperature for half an hou 
and incubated in the ‘water bath at 37^* for the same time. Thei 


Front. 

Middle. 

Back ( 

0\ci. 

0 1 t«- 

01 c. 

04 

04 

09 

0-5 

~ 

05 

— 

05 

— 

05 

05 

— 


ser um pro cure, dJ‘or_testing. The front and middle tubes diflei 
only in that the front contains 3 doses of complement and the 
middle 5. If_thejeaciion of the serum be positive, the comple* 
men_t will have been fixed in the first stage of the test and the tubes 
wifi show no hajmolysis./lf negative, the complement will have 
been left free and htemolysis will be complete. In the case of a 
reaction weaker than full positive it may be found that the middle 
tube shows complete or partial hxmolysis, and the front, with 
only 3 M.H.D. of complement, no hsemolysis. Owing to the 
presence of the two tubes containing different strengths of comple- 
ment we can determine, to some extent, the strength of the reac- 
tion. Various methods of recording the results are used. In the 
first,. tWo symbols. are_empIoyed, the first of which shows the 
result ob tained in th e t ube c ontaining 3 M.H.D oj complement 
and the second in that containin^S'MTH.D. '+ signifies a positive 
reaction (n^h$molysis), ± or ± a partial positive (partial hajmo' 
lysis), and — a negative reaction (complete hjemolysis).. The 
second~syslem is usually piefencd by the clinician, while the 
third is that recommended by the League of Nations Health 
Committee. 
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First 

Second 

Third 


system. 

system. 

system. 

Interpretation. 

+ + 

+ 4} 

4- -f- 

r Full positive 

+ ± 


1 Strong positive 

+ — 

+ 3 

+ 

Positive 


+ 2 1 

4- 

r Weak positive 

± ~ 

+ 1 / 


L Doubtful 

— 

0 

— 

Negative 


The test which now bears his name was elaborated by.Wasser- 
mann on the theoretical basw that there should be present, in the 
blood serum of a syphilitic patient,^antibodies to the causative 
organism and that, if such serum was mixed with a suspension of 
Tr. pallidum, the union of antigen in the spirochete and antibody 
in the serum should fix complement. At that period the Tr. 
pallidum had not been cultivated, and so Wassermann took as his 
source of spirochajtes an emulsion of .ihe .liver of a syphilic fcctus 
which IS very rich in these organisms. The test very soon demon- 
strated its value as a diagnostic agent and even the discovery that 
an emulsion, or still betteran alcoholic extract, of normal organs, 
human or amnjal, could be substituted for the material containing 
spirochiEtes did n'ot discredit it. Since the theory on which Wasser- 
mann based the test has been shown to be wrong, the test might 
be regarded as merely empirical, but vast experience of its relia^ 
bility forces us to attempt to explain how the test does work. 

\ b ehaves as if there was a.specific relationship between substances 
the alcoholic- extract of normal organs and what we must^ 
pre sume .are antibodies in the patient’s serum. Two theories have^ 
been advanced^ One is that the lipoidal materiafextract ed fro m 
the organs is identical with lipoidal material present in the 
body of the spiroclfiele, the-^^ec ts that, during syphilitic jnfec-; V 
tion, there is an ai&normal liberation from the tissues of the patient^ I 
of the same lipoidal substance as is present Wassermann antigen I 
and the patient produces antibodies against this substance./ 
Whether either of these is correct 'of* not is largely a matter of 
theoretical interest. The important thing is that few diagnostic 
tests have as high a degree of r eliability as the Wassermann 
reaction. 
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There are very many niodifications of the Wassermann reaction. 
The aim m most of these is to render the reaction more sensitive, 
so.that_the_serum of a syphilitic patient will not give a negative 
result. It is an easy matter to increase the sensitivity of the test, 
but increased sensitivity carries with it the disadvantage of reduced 
specificity. _ f 

Complement fixation tests for other diseases such as gonorrhcea' 
and tuberculosis may be' earned out in a similar fashion, the 
antigen usually being a suspension of the bacteria causative of 
the disease. In the case of many virus infections, a comple- 
ment fixation test has been found of value 

Kahn Test : - I ' * < 

A number of tests which have been introduced for the diagnosis 
of syphilis are based on the fact that, when the se rum of a.syphihtic 
IS incubated with a Wassermann “antigen”, flocculation appears 
m the mlxtur^. Of ’these“the Sachs*Georgi was the original, and 
among others are those of Meimcke and Vernes, and the Sigma 
Reaction of Dreyer and Ward. 

Within the past 20 years, however, the Kahn test has estab* 
hshed Itself as the most reliable and most widely used of the 
flocculation reactions. For it onl y three reagents are req uired: 

1. P atient's jeruin . — This is obtained in the same way as for 
the Wassermann reaction, and is heated at 56® for half an hour. 

2. Saline . — 0 85 per cent, sodium chloride solution 

3. An tigen — This consists of an alcoholic extract of beef hear t 
(previously treated with ether) to which 0 6 per cent, of cholesterol 
IS added The details of the preparation cannot be described here, 
and those interested are referred to “The Kahn Test” by R. L. 
Kahn The prepared antigen can be purchased through the usual 
channels. It must be kept in bottles with tightly fitting stoppers or 
rubber bungs covered with linfoil.''For use the antigen is diluted 
with saline, the degree of dfiution needed for any particular batch 
of antigen being described as its titrCj^ Usually I 0 ml. of antigen 
requires from 1 0 to 1-3 ml. of saline. 

, To carry out the test 1 0 ml of antigen is measured into a 5 5 
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cm. X 1*5 cm. flat-bottom vial, and the amount of saline indicated 
by the antigen’s titre (say 1-2 ml.) into another similar vial. The 
saline is poured into the vial containing antigen, and the mixture 
rapidly poured back. This double operation is repeated six times 
rapidly, in no case waiting to drain a vial completely. The antigen 
so diluted is allowed to stand for 10 minutes before usingril must 
not Jbe.uscd more than 30 minutes aftef dilution. It is then well 
shaken, with the thumb on the end of the vial, and measured into 
the t ubes used (br^e test. These tubes measure 7-5 cm . x 1-0 cm. 

' T hree t ubes, arraj^ged one b^odohe other in a rack, arc used for 
each serum tested. 0 05. ml. of dilute antigen is measured into the 
front tube, 0 025 ml. into the .middle, and 0 0I25_mhmtoJhe back, 
finely graduated pipettes being used and the amounts being 
delivered to the bottom of the tubes. ; Without delay {/.c. as soon 
as the antigen has been measured into the ten sets of three tubes 
which the rack holds) 0 15 ml. of each serum i s measured Into 
each of the three lubes u^d/o^sting that serum, and t^e rack is^ 
vigorously shaken by hand for IQsc conds. Where the airtempera- 
ture of the laboratory is below 2V (as it usually is in Europe in 
the winter), it is now advisable to place the racks in a water bath 
at 3 7° for 10 minutes. With higher air temperature this is unneces- 
sary The racks a*re then vigorously shaken (by hand or in a 
machine) for 3 min utes at from 275 to 285 oscillations per minute. 

1 0ml. q fxalineis added toeach front tube, and 0-5 ml. to each mid- 
dle and back tube, and the racks shaken by Hand^ufilciently to 
mix the contents of the tubes. The results may then be read, Jn 
X^ frongly positive j eactiorrs. flocculation is eas ily.visible to the 
naked eye, even with out remn ving_the-tuba from^ its rack./ln 
negative reactions the fl uid is un iformly opales cenf-yTor reading 
results we prefer holding the tube almost horrzontally about 
I \ inches above a concave mirror and looking at the image in the 
mirror. This gives good illumination and sufficient magnification, 
j For eac h serum tested the re actions oc curring in the three tubes 
’ a re recor d&d,on the following scale: 

-f + + + = particles easily visible to naked eye. 

- 1 - + + = smaller particles but still visible to naked eye. 
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++ = fine particles on the border-line of visibility without 
magnification. 

-f = particles visible only with magnification. 

± = doubtful. 

— = uniform opalescence. 

The strong est reactions may occur in either the front or back 
tube of the thre e.-yrd ^obtain the final result for the's'eTum the’ 
number of - 1 - signs recorded for the three tubes is added and 
divided by 3. In case this gives a fraction, if the fraction is it is 
disregarded, if 5 an extra + is added to the whole number. 


Front. 

+ + +' 

Middle 

+ + +■ 

Bade, 

• ++V+ 

_ 

Final Result 

+ + + 

■ + 

+ + 

++ 

— 

+ + 

+ + + • 

+ • 



+ 

+ 

+ 

++ 

=• 

' + 

__ 

— 

+ 

s* 

— 

-H + or over is 

regarded as 

positive, + or^ 

b.as.doubtful, and 


as negative. 


tested an amount of antige n approximating to th e op timu m. 
It occasionally, but fortunately only rarely, happens that the 
amount of antibody in the serum is so excessive that it is grossly 
disproportional even to the largest amount of antigen In such 
cases the reaction may be weak or even negative If serum, 
diluted 1 : 5 with saline, is used, good flocculation will occur. 

The Kahn test has at least as high a degree of reliability as the 
best of the modifications of the Wassermann reaction and, since 
the number of reagents required is much smaller, mechanical 
errors are less likely to occur with it.- It is highly advisable to 
carry out both tests on every serum submitted for the diagnosis of 
syphilis and to repeat both tests when the results are discrepant. 
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If the Wasscrmann reaction k positive and the Kahn negative, 
the Kahn lest should be repeated using scrum diluted as described 
above. A scrum is occasionally found to give, on repeate d tests, a 
ncgativcAVasscrmann and a positive Kahn tc^if In such eases 
thcTC ahn verif icati on test shoxdd be invoVcdl-^iis is carried out 
~Tr^e same way as the ordmarj' Kahn test csceptjhnt-ilisjcl up 
in _duplicatc. One set of rea gents, tubes and pipettes is chiljc’d to 
P.lTnd the whole lest i> pcTfomcd at a temperature as close to 
that as possible. Tlicot^sctJs h^ted to 37% at.uhich tempera* 
lure the test is conduc(cdr ‘;lflhc patient from whom the scrum 
was obtained is sypliiliiic, the test at 37 ^vvill.hc positive and that 
.-at r either jicgativc or much lcss*virongIy positive than when the 
test was performed at air temperature. Non*yvcific reactions arc 
usually stronger at r than at 37"'. 

In early diagnosis and in assessing the cITecls of Ircatmept. it 
should be remembered that the Wassermann lest usually becomes^ 
positive earlier than the Kahn, while the positive Kahn persists 
longer following treatment. 
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THE OBTAINING OF MATERIAL FROM THE 
PATIENT FOR BACTERIOLOGICAL EXAMINATION 

The ultimate aim of much of our practical bacteriological work 
is to be able to identify the organism responsible for some patho- 
logical condition. The ubiquity of bacteria must be borne in mind 
m collecting material for bacteriological examination We wish 
to obtain the pathogen responsible for the disease; we must be on 
our guard to exclude, so far as possible, bacteria which are 
saprophytic or merely parasitic. Obviously, if we examine the 
feces for pathogenic organisms, wc cannot obtain a specimen 
without a large number of normal intestinal bacteria; but if we 
collect pus from an abscess we should avoid the bacteria occurring 
on the skin, or if we propose to examine urine we should endeavour 
to obtain that fluid as it exists m the bladder, avoiding the organ- 
isms found m the terminal portion of the urethra 

For the collection of material for bacteriological examination 
we should provide ourselves with a supply of sterile apparatus of 
which the most useful are plugged test tubes, cotton swabs on 
wires, capillary pipettes, and screw cap bottles The methods of 
obtaining material from certain localities will now be mentioned. 

Throat Swab 

The patient’s head is thrown slightly backwards, the tongue 
depressed with a spatula, and the patient asked to say "ah — ah — 
ah — ah!” In this way the soft palate is elevated, and the swab 
held by the wire is withdrawn from its tube and introduced into 
the mouth. It is rubbed firmly on the suspected part, whether the 
tonsil, supratonsillar fossa, uvula or elsewhere, withdrawn, avoid- 
ing the tongue and lips, and restored to its tube. If C. diphtheria 
is to be searched for, the swab should be used to inoculate a tube 
12S 



126 HANDBOOK OF BACTERIOLOGY 

of coagulated serum and also a plate or tube of a tellurite medium, 
both of which are then incubated. Gentian violet blood agar is 
to be recommended when streptococci are being searched for. 
If we merely desire information as to the general bacteriology of the 
part, a blood-agar plate is inoculated from the swab and subse- 
quently spread. In all cases some direct films should also be made 
from the swab, and one of these may be stained by Gram’s method. 
If this precaution is not taken, the occurrence of the organisms 
associated with Vincent’s angina may be overlooked. Swabs from 
the naso-pharynx may be similarly obtained, but the swab should 
have its terminal centimetre bent almost at a right angle; this is 
hooked under the soft palate, which should not be touched, and 



Fra. 34 — Sterile Swab. 

rubbed over the posterior naso-pharyngeal wall. A West’s swab 
is sometimes used: this is made of thin, flexible wire and is pro- 
tected by a glass tube the terminal portion of which is bent 
almost at a right angle. The swab is held within the tube until 
the soft palate is passed, when it is pushed out and rubbed over 
the wall of the naso-pharynx. It is then retracted within the 
protecting tube and the whole withdrawn. The obtaining of a 
swab from the larynx in cases of suspected laryngeal diphtheria 
should be left to a laryngologist. 

Pus from an Abscess and other Fluids 

The skin should be disinfected as thoroughly as possible and 
the disinfectant removed with alcohol. When the surgeon has 
made the opening the pus may be allowed to flow into a sterile 
tube if large in amount or, if not much is present, some may be 
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collected on a swab. Fluid such as that found in a vesicle may be 
collected in a sterile capillary pipette. The end of the pipette is 
then sealed in order to allow the fluid to be carried to the labora- 
tory. In all cases where a swab is used, unless it can be examined 
with very little delay, it should, before the pus is collected, be 
moistened with broth to prevent drying. For an internal abscess 
a swab with a long wire handle is most useful for obtaining a 
sample of the pus. However obtained, films of the pus should be 
stained and cultures made on blood-agar or other medium sug- 
gested by the microscopic examination. 

Sputum 

The mouth should be rinsed out with warm boiled water (not 
containing any antiseptic) and the throat gargled with the same. 
By deep coughing, material should be brought up from the deeper 
parts of the respiratory tract and expectorated into a stenle wide- 
mouthed bottle provided with a screw cap or rubber bung. For 
examination, the sputum must be emptied into a sterile Petri dish 
and, if cultures are required, a selected mass of purulent material 
should be taken with the platinum loop and rinsed in three or 
four changes of sterile saline to free it from contaminating organ- 
isms on its surface. It may then be plated on blood-agar and 
preferably also on boiled blood-agar. A similar mass of purulent 
material should be used for making films for the detection of 
tubercle bacilli or other bacteria. Where little sputum is produced, 
a satisfactory specimen for microscopic or cultural examination 
may sometimes be obtained from the larynx by a laryngeal swab. 
Some persons, especially children, swallow most of the sputum 
they produce. In these, as indeed m all, examination for tubercle 
bacilli of material obtained by gastric lavage often yields a positive 
result. Such material is unsuitable for microscopic examination: 
culture or guinea-pig inoculation should be employed. 

Fluid from Serous Cavities (Pleura, peritoneum, etc.) 

This should be obtained with a synnge and needle, preferably an 
all-glass syringe autoclaved or dry sterilised ready assembled. 
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After the skin has been treated with iodine, the needle may be 
introduced into the cavity and the fluid aspirated. When the 
needle is withdraw n, the fluid should be expelled immediately into 
a sterile tube or screw cap bottle. When such fluid is almost clear 
(not purulent) it frequently clots, and this may interfere with its 
examination. It is therefore advisable to divide it into two por- 
tions, one of which is received in a dry sterile tube or bottle and 
the other in a sterile lube or bottle containing 1 to 2 ml. of citrate 
solution. If the fluid is clear or only slightly turbid, some of it 
should be centrifuged at a high rale for a few minutes and films 
made from the deposit. Information of value can frequently be 
obtained from observation of the types of leucocyte present. 
When, for example, lymphocytes predominate, it is unlikely that 
the infecting organism is of pyogenic type. Films should be stained 
by Gram’s method for the detection of bacteria but, since the 
morphology of the leucocytes is not well seen in films stained by 
this method, additional Dims should be stained with methylene 
blue. Where Gram’s method fails to reveal any bacteria, cultures 
should be made on blood-agar and a number of films examined 
for the presence of tubercle bacilli. Ccrcbro-spinal fluid is usually 
obtained with a special long needle I mm. in bore. This is intro- 
duced into the canal through the third or fourth lumbar space, the 
patient’s back being bent so as to increase the distance between 
the vertebr,^. The fluid emerging is collected in a sterile test tube. 
Since the first few drops frequently contain red blood corpuscles. 
It IS well to collect the fluid in a series of two or three tubes, the 
latter of which will probably be free of these. The method of 
examining this fluid is similar to that described above, but examin- 
ations should be made quickly if the meningococcus is suspected. 
In the case of tuberculous meningitis, the tubercle bacilli can 
almost invariably be found by prolonged search of films made 
from the centrifuged deposit or from the fine fibrin web which 
forms on standing. Where this fails, and in the case of pleural 
fluid where failure is common, a guinea-pig should be inoculated 
with the deposit and a culture made on media suitable for the 
growth of the tubercle bacillus. In this way tuberculosis may 
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often be detected where microscopic examination has given 
negative results. The nature of the cells present is suggestive of 
the infective organism, since a predominance of lymphocytes in a 
clear fluid is usual in tuberculosis and of polymorphonuclear 
leucocytes in a turbid fluid in more acute infections. In very acute 
cases of tuberculous meningitis, however, polymorphonuclear 
leucocytes may predominate. 

Urine 

It IS always preferable to obtain specimens of unne by a sterile 
catheter but, in the male, washing of the glans and meatus with 
soap and water, the rejecting of the first portion voided, and the 
collection of the latter part in a sterile flask, is quite satisfactory 
if the specimen is to be examined immediately. Cathetensation is 
essential m the female. Direct examination of a drop of urine 
from a case of cystitis will usually reveal pus cells and bacteria 
and a culture made from a loopful will generally give many 
colonies. In some cases, however, it may be necessary to centrifuge 
m order to obtain pus cells and bacteria in sufficient numbers for 
microscopic examination. Films made from urine should, after 
fixing, be well washed m water (which may be gently warmed on 
the slide by applying a small flame beneath). This removes much 
of the unorganised deposits. The films may then be stained as 
described. By doing this, clearer and more satisfactory micro- 
scopic preparations are obtained than by staining the film 
directly after fixing. Where the culture from the uncentnfuged 
urine shows only one or two colonies these are to be regarded 
with doubt. Plates of blood-agar and of MacConkey’s medium 
permit the growth of most bactena, except the tubercle bacillus, 
likely to be found m urine. The centrifuged deposit should be 
used to prepare films for the detection of tubercle bacilh. In 
tuberculosis of the urinary tract, these arc generally fairly numer- 
ous; but one must be guarded since the smegma bacillus is 
commonly found about the external genitals and this organism is 
also acid-fast. The best precautions are thorough preparation of 
the part, the use of a catheter and, in the Ziehl-Neelsen method. 


HB— K 
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a full treatment with alcohol. In case of doubt, the only absolutely 
reliable method is the injection of a guinea-pig; this method has 
the further advantage over the direct microscopic examination 
that it gives a higher percentage of successes. 

Fa;ccs 

The stool should be passed into a clean vessel and a small 
portion removed with the spoon supplied with the collecting 
outfit. If dysentery bacilli arc sought, a portion of blood-stained 
mucus should be isolated, washed in several changes of sterile 
saline, and plated on desoxycholate-citrate medium, using dried 
plates. For members of the enteric and food-poisoning groups, 
a tube of tetrathionate broth should be inoculated heavily. Plates 
of Wilson and Blair’s mediumand ofdesoxycholate-citratemedium 
should also be spread. The tube should be incubated for 24 hours 
when plates of the same media should be spread from it. Wilson 
and Blair plates should be incubated for 48 hours, desoxycholate- 
citrate plates for 24 hours. The rapid growth of y. cholera on the 
surface of alkaline peptone water is used to secure enrichment of 
that organism as a preliminary to plating. Streptococci may 
usually be isolated from fteces by culturing a small portion in 
glucose broth. The deposit after 24 hours’ incubation should be 
plated on blood-agar. Tubercle bacilli are not commonly found 
in films made directly from ficces. Concentration methods give 
better results, but the only reliable method is to treat with an equal 
volume of 5 per cent, caustic potash or 3'4 per cent, sulphuric acid 
in order to kill other bacteria and to inject the deposit obtained by 
centrifuging into a guinea-pig. 

In many cases, particularly m the examination of suspected 
earners of the enteric bacilli, the previous administration of a 
purgative followed by salts will give a stool more likely to contain 
the organism than one obtained without purgation. The result 
obtained by a simple soap enema is also frequently useful for 
culturing the enteric bacilli from a patient or carrier. 
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Genitals 

The commonest examinations made arc for the organisms caus- 
ing venereal disease, particularly the gonococcus and Tr. palh<liim. 
The gonococcus, in the male, is present in the urethral discharge. 
The glans and meatus are w-ell \vashed with sterile water or saline, 
and some pus is expressed by massaging the urethra from behind 
forwards, this is collected on a platinum loop and, if a culture 
IS desired, is immediately spread on a plate of blood agar or boiled 
blood agar which is at once incubated in an atmosphere containing 
10 per cent, of carbon dioxide. Films arc made and stained by 
Gram’s method If no pus is obtained in this way, it may be pro- 
vided by massaging the prostate from the rectum In the female, 
material should be taken on a swab or platinum loop from the 
urethra, the cervix, or the mouth of Bartholin’s gland, not from 
the vagina. 

If a suspected chancre is present, it should be well cleansed 
with saline, squeezed vigorously and rubbed with sterile gauze 
Some oozing of blood may occur, and this should be absorbed 
Soon the blood ceases to flow and a drop of clear fluid appears. 
This IS collected with a fine capillary pipette and used for examina- 
tion by dark ground illumination or for preparing films for stain- 
ing. Rubber gloves should be worn to prevent accidental infection. 

Blood Culture 

The syringe, an all-glass one with a really sharp needle, should 
be assembled, placed in a large glass test tube and sterilised in the 
autoclave or dry oven. Only in emergencies should boiling be 
relied upon. 100 ml. of broth (cither ordinary broth or, if the 
enteric group be suspected, broth containing 0 5 per cent, sodium 
taurocholate, which inhibits the bactericidal action of the patient’s 
blood) should be ready in a blood culture bottle which is a 6-oz. 
bottle with a perforated screw cap fitted with a rubber washer. 
A linen thread or fine wire is tied around the neck of the bottle and 
brought over the top, and a cellulose cap is placed over the metal 
cap. The whole is autoclaved, and it will be found, after drying, 
that the cap has contracted, forming a firm covering over the 
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metal cap and neck of the bottle, which prevents bacterial con- 
tamination of the exposed portion of the rubber washer, ft is of 
importance to have as large a volume of broth as possible in the 
bottle so that any antibacterial substances present in the patient’s 
blood, which might interfere with the growth of the bacteria out- 
side the body, may be diluted to such an extent as to render them 
inactive. Adequate dilution will be secured if the amount of 
blood added to each bottle is limited to 5 ml. Mere dilution may 
not suffice if the patient was under treatment with sulphonamides 
or penicillin. The inhibitory cflcci of these may be overcome by 
adding to the broth p<7ro-aminobcn2oic acid or penicillinase re- 
spectively. The skin oftheantccubital fossa is treated with tincture 
of iodine and a tourniquet applied above this. The patient’s arm is 



Fio. 35 -All-glass Svrinoe steriuseo in Large Test Tube, readv for 

PERFOR^^NO A fiuXtU COLlVRE. 


extended and, if no veins are prominent, it is allou'ed to hang down 
for a few moments. The syringe is withdrawn from the tube and 
the stilette removed from the needle. The skin is stretched tightly 
to one side of the selected vein and the needle entered first through 
the skin, passed on a short distance in the subcutaneous tissue, 
and then into the vein. The left hand which stretched the skin is 
now transferred to the syringe and the right slowly draws out the 
plunger, filling the syringe with blood. When full, the tourniquet 
IS removed and the needle sharply withdrawn. If the puncture 
has been properly made there will be no bleeding, owing to the 
valvular nature of the opening, * but if a few drops of blood ooze 
out, tight pressure on the spot with a piece of cotton wool will 
quickly cause the flow to cease. The thread projecting from under 
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the cap of the bottle is pulled, so cutting the cap and usually 
causing it to fall off. This exposes the rubber (which is sterile) in 
the centre of the metal cap. The rubber is pierced with the needle 
and 10 ml. of blood injected into the bottle from the syringe or, 
preferable, 5 ml. into each of two bottles. When the needle is 
withdrawn the minute hole in the rubber seals itself. The bottle is 
shaken to diffuse the blood through the medium and is then 
incubated. 

Occasionally it is of value in prognosis to carry out a quantita- 



tive blood culture, that is a culture in which the number of bacteria 
present in the circulating blood is ascertained. This can be done 
by transferring a few millilitres of blood from the syringe to a 
sterile tube containing crystals of potassium oxalate to prevent 
clotting. A measured volume of this oxalated blood (say 1 ml ) is 
added to an agar stab, melted and cooled to 50° and, after mixing, 
the agar is poured into a plate which is incubated. From the 
number of colonies which develop and the volume of the blood 
inoculated, the number of bacteria per ml. can easily be calculated. 
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After incubation, the broth is examined microscopically and 
subcultures made on blood-agar or other medium. Blood eullures 
should be examined in this way at the end of 24 hours’ incubation 
and then every 48 hours for a week- Where the presence of Br. 
abortus is suspected, blood cultures should not be discarded as 
sterile until incubation (In 10 per cent. CO,) has been continued 


believed that bacteria may be present in the blood. 

Enteric bacilli may frequently be isolated from the clot left 
after the serum is removed from a specimen of blood submitted 
for the Widal test. The clot should be incubated in a large volume 
of bile salt broth. 

Collecting Scrum for Wassermann Tests, Agglutination, 

An all-glass or a Record syringe is sterilised by boiling cither 
m water or m saline. If m water, it is essential to work the plunger 
gently up and down while the syringe is still hot, in order to expel 
all water which would cause hxmolysis. 10 ml. of blood are 
collected, as described in (he technique of blood culture, and are 
expelled into a dry sterile tube. All bubbling and frothing must 
be avoided and, if some air is present with the blood in the syringe. 
It must not be expelled with the blood into the tube. The tube 
should be allowed to stand uithout agitation until clotting has 
taken place, when the clot may be gently loosened from the sides 
of the tube with a sterile wire or fine glass rod. It will then con- 
tract and, if the tube is left at room temperature until the next day, 
the clot will be found to have shrunk and to be covered and 
surrounded by clear serum free from red blood cells. This may 
be removed to a fresh tube by’me^s of a sterile capillary pipette. 
The serum should be of a^^ght^llow colour; if reddish, htemo- 
lysis has occurred, either owinglo the accidental addition of water, 
alcohol or other substance, to rough handling, or to bacterial 
contamination. If the serum is required quickly, the tube should 
be placed for 2 to 3 hours m the incubator or water bath at 37°. 
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At that temperature coagulation occurs rapidly and the clot 
quickly expresses the serum. At the end of that time the serum 
which surrounds the clot and which contains red blood corpuscles 
IS pipetted off and the red cells deposited by centrifuging, when 
the clear supernatant serum can be removed In taking blood for 
any serological test it is advisable to avoid the few hours following 
a meal, as at this time the scrum may be heavily loaded with fat 
which may interfere with the test. 

The Be hring venu le affords a very convenient method of collect- 
ing blood for serological tests It consists of an evacuated receiv- 
ing tube with a rubber stopper, through which passes a fine glass 
tube to the end of which a needle is fused. The fine tube is so 
arranged that its inner end is in contact with the rubber of the 
stopper, so forming a valve which prevents entry of air into the 
receiving tube unless the projecting fine glass tube is bent in 
relation to the rubber stopper. The needle is protected with a 
covering glass tube, and the whole is sterile. For use, the tube 



Fig. 37. — Behring Venule. 


protecting the needle is filed and removed, and the needle intro- 
duced into a vein. The connecting tube is then bent on the 


stopper and blood enters and fillvihe receiving tube. For trans- 
mission the needle may be rjftnovcd^ind the outfit sent through 
the post. SAUM 

Tissues and Organs obtained'at Operation or Post-mortem 
Examination 


Material such as this is very liable to have its exterior con- 
taminated, and so it is necessary to obtain material for culture 
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from the interior. The best method is to scar an area with the 
cautery or a soldering-iron. This can be cut through with a 
sterile knife and material taken from the interior, or the seared 
part may be punctured with a sharp sterile capillary pipette and a 
few drops of fluid aspirated. Jn this way material for culture may 
be obtained from solid organs such as the spleen, or from the 
heart either of man or animal at post-mortem examination. 



CHAPTER IX 


THE IDENTIFICATION OF PATHOGENIC BACTERIA 

It is impossible in bacteriology to devise a definite scheme of 
tests, the careful application of which will inevitably lead us to the 
correct answer to the question “ What is this_orgaQism?” Never- 
theless we should endeavour to work m as logical a manner as, 
possible. The first step is a carefnl examination of theWterial 
in which the organism occurs, and m this connection the bacteri- 
ologist must, early in his career, learn to use some, if not all, his 
senses. The employment of the eyes is essential and of the sense 
of touch, through the interraedfa'ry of the platinum ^vl^e, the * 
slide, or other Implement, useful. Even the nose is by no means 
to be despised. In connection with the use of vision do not let us, 
because we deal with very minute objects, despise the naked eye, 
the hand lens or the low power of the microscope. The material 
should be thoroughly examined, for frequently from the colour, 
consistency or smell of pus, or from the turbidity of urine or 
cerebro-spmal fluid, we may denve much valuable information. 
Direct^examination of a specimen of pus with the naked eye and 
with-the-handJens_may save us from overlooking the pres ence of 
the granules of actinom yces, which vfe may ignore if we merely 
make films and cultures Irom unselected parts. In the case of 
sputum the examination of carefully selected portions is very 
much more valuable than the preparations of films or cultures 
from random samples. /The-colour of pus may suggest such 
bacteria.asjJhe^.jjyocyonra, and its smell may direct our atten- 
tion to, certain anaerobic bacteria. 

Microscopic Examination 

After these preliminary observations we may proceed to the use 
of the microscope, An unstained wet preparation may frequently 
be of assistance, particularly in the case of such fluids as urine, 
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since by its help we mi''y ascertain the presence or absence of pus 
cells or other Icucoeytcs and of red blood corpuselcs. In dysentery, 
this examination will, in a high proportion of eases, enable us to* 
say whether the disease is of amoebic or bacillary type. In many 
cases we may sec in this preparation the bacteria themselves; we 
may be able to determine their morphology, whether bacilli or 
cocci and, if the former, whether motile, if the latter, whether 
streptococci or staphylococci or of uncertain grouping. In some 
eases, as in syphilis, it is possible to make a definite diagnosis of 
the disease frorrt unstained films examined by dark ground 
illumination. 

In the examination of some material (fieccs, for example, for 
the presence of bacilli of the enteric or dysentery groups) the 
examination of the bacteria in stained films docs not yield any 
information of value; but in the great majority of eases films 
should be prepared, suitably stained and examined before cultures 
are made, ns our cultural methods depend to a considerable extent 
on the variety of bacteria present. Sjmpic stains arc capable of 
furnishing a certain amount of information as lo the morphoJo|y 
of the bacteria present; but Gram’s method should also be used 
as a routine, as by its help we are able to classify the majority of 
bacteria into two groups — the Gram positive and the Gram 
negative. T he pajhogcnitrcoc ci, except the gonococcus, niening- ' 
ococcus and TV c^rrfiahs, a re Gram positive . Of the bacilli , C. 
diphtheria, B. anthracis, Afyeo. iiiherculosis, Afyeo, lepra and tfi? 
anaerobic bacijii are Gram posilivcr most other pathttg enic baci|[i 
are Gram negative. 'V. cholera and all splrocha;tes ca^Ble of 
bei ng stained^^i^ imple-staios arc Gra mjneg ativ^ 

Certain bacteria do not,stam well, if at.all, by either the stain 
or the counter-stain used in Gram’s method. In this class we may 
place, as of greatest importance, Afyeo. ftfberenhsis, many of she 
othy acid-fast _bacilli and the major^y of the spirochietes. In 
examining pus, for example, when simple stains and fipm’s-stain 
do not reveal any bacteria, it is well, to stain a film by the.Zifihl- 
Neelsen-method \The presence jof^Spiroch^tes is frequently first 
<:uspected_on clinical grounds, and the special methods, such as 
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' Fontan a’s, are not usually employed, except when \vc are expressly 
asked to ascertain the presence or absence of these organisms. 
PjotQZ.Q3jii.the blood are usually discovered by direct microscopic 
examination of films, stained with Leishman’s stain. In some cases 
special staining methods, such as that tO/deinonstrate capsules, 
may be employed on films made from the material under 
examination. 

We may now summarise the information which we can obtain 
by the microscopic examination of bacteria in preparations made 
either from the original material or from cultures.-^fie_^ 7 e, shape 
andp.rrangement ofjhe bacteria are first observed. The relatively 
large B. amhracis can hardly be confused with the much smaller 
Bact coli or the minute H. influenza The short oval of Past, 
pesiis contrasts with the elongated rectangle of B anthracis Bact. 
colt IS usually found as single^elements, B. ontlicacis m chains and 
C. diphthencs in characteristic clusters. Unstained preparations 
help to differentiate S aint j ypbi from S h. flexne ri on account of 
the motil ity of the former. vThc presence of a capsule differentiates 
Bact pneumonia: from Bact.coU. The presence or absence of 
spore s and, if present, their shape, size and position are of great 
assistance m identification. The large spherical and terminal 
spore of Cl. tetani, for example, is very characteristic The 
importance of Gram’s stain has already been mentioned, but 
other differential staining methods, especially that of 7ieh1 an d 
Neelsenj by which, m the majority of cases, the tubercle bacillus 
is identified, are also of real service. Finally, the re gularity or 
oth^\Y;sc.of staining of thfcl? 0 ctcrial cytoplasm— whetKerTeaded, 
as in C. diphtheria, or chiefly polar, as in Past, peslis, is, m certain 
cases, of considerable help. 

Cultural Examination 

In some cases (eg. tuberculosis, gonorrhcea, Vincent’s angina) 
these preliminary examinations will suffice for the identification 
of the organism for purposes of diagnosis In general, however, 
cultu res are es sential The success of a culture depends to a 
considerable extent on the freshness of the material when cultured 
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and the suitability of the cultural methods. As a routine medium 
for the cultivation of the orgamyns causing disease in man, blood- 
agar may be used, r-^here the clinical history of the case, the 
source*of 'tKcrhaterial, or the preliminary examination, points to 
a certain organism or group of organisms, sp ecial m edia.-or 
metho^ may be employed, such as ^sox ychol ate-cltrate or 
Wilson, and Blair’s media-for intestinal bacteria, solidified serum 
for -diphtheria bacilli and minced meat broth for anaerobic 
bacteria. 

Incubation for 24 to 48 hours is, in general, sufiicient. The 
plates or other cultures should be examined and, if the former 
have been properly prepared, well-isolated colonies should be 
seen. The examination.of colonies with the naked eye, hand lens 
or low power of the microscope as well as the coijsi^tency-of the 
colony, as judged by touching with a platinuro^vire, arc of the 
Kigiiest importance in identifying bactcriaS./Such points as the 
colour, size,_shape, pu^^(whether even, c^enated'of irregular), 
surface (whether shiny, matt or rough), wh^her trimsparent or 
opaque, whether elevated, flat or depressed in the'^centre and 
whether dry or moist, should all be carefully noted. 'Ij/^hould be | 
observed whether the colony is sticky, tough,^pr jumpy and d,ifii- ‘i 
cult to break up, and whether itls easily removed or adherent to ’ 
- the medium. 

I f bloo d-agar is employed, 'jfny alteration produced in the 
medium is ol great uhportancc. Some bacteria cause' tomolysi s 
of the blood cells distributed through the agar owing to the 
diffusion of a h$moIysin -The result is that the plate shows a zone 
of clearing around the colony, but this zone is still of a blood-red 
colour, in what is commonly called hamolysis, however, soipe- 
thing more than mere laking of the cells has occurred, as the ionc 
not only becomes clear, but also loses almost all its red colour. 
Some of the haemoglobin has been absorbed into the colony, some 
has diffused into the surrounding medium,vBut a considerable 
part has been altered into a colourless compound. On blood' 
agar some bacteria (e.g. pneumococci) produce a green coloration 
due to a hiemoglobin derivafive ot^undetermined nHiurer 
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While the appearance of the colony is an important characteris- 
tic of an organism, wide variations from the normal are sometimes 
observed. In the case of the intestinal bacilli the normal type of 
colony has an even ontlme and a smooth' shining surface,' but 
vari^ts^ in \yhich the outline is c renate d and the surface irregdar 
and rough, are sometimes obtained by plating material from the 
body r- . 

contai • ■ • ■ 

stap h>iu >.o>-u uic seen in ng. .>0 - 11 iias oecn ooserveO tftat while 
smooth, normal colonies form a uniform stable suspen sion in 
saline, the rough typ_es/orm suspensions whichjire granular and 
spontaneously ag g lutina ting . 'alt Kbugh stable suspensions may 




Fro. 38 . — Varukv Colonies or Staphylococcus pyogenes 

usually be obtained by decreasing the strength of salt in the 
solution. We shall have occasion later to refer to ^tigenic 
dif ference s and to al terations in virul ence which occur when 
variant colonies arc produced. 

When the colonies on the plate have been carefully examined, 
films of each variety should be prepared and stained by Gram’s 
method. After this, it may be possible to state definitely what the 
organism is; but if several types of colonies are present it is usual 
to obtain each variety of organism in pure culture before further 
investigations are carried out '^n some instances it is useful to con- 
trast the morphology of the organism when grown on different 
media (streptococci usually produce longer chains in fluids than 
on solids). The presence of spores should be investigated in 
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suitably stained films. The temper ature of grovvth.(maximum, 
optimum, or " '■ - ■ - ■ ■ 

cj,ii_foLexara •, , . 

of thc_body, • ‘ ■ . . ' ‘ 

Another poii ' C ‘ s ■ 

growth is obtained, such as whether the organism s\ill grow on 
plain agar or demands an enriched medium, and uhelher it grows 


only or better under aerobic or 



Fig 39 —On Left, Unijorm Tur- 
bidity OF Scilm. typht in Broth. 
On Right, Deposit of Strepto- 
cocci IN Drotji 


a naerobi c conditipns.^Thc naked 


S ahu. lyp hi and the deposit of. 
streptococci in broth cultu re arc 
suggestive indicationroTthc or- 
ganism in the culture. The 
microscopic examination of a 
brm h cult ure is the most reliable 
method of determining whether 
or not a bacterium is mo tile. 

Bioc hemical Characterist ics 

Gelatin cultur es are useful in 
showing us whether the bacteria 
we arc investigating hquefy that 
substance or not.." K. c/tolcr cr, B 
aiiBiradi, staphylococci, and Pro- 
teus vulgaris ca use lique faction: 
streptococci, Bad. coli, and the 


enteric and dysentery bacilli do not. 

•The products of growth arc also utilised in the identification of 
bacteria. Among these may be mentioned the p roduc tion of 
in dole in br oth or pe ptone water. This may be tested for by the 
Nitroso-jn do le m^hod: to the Ijroth culture arc added a few drops 
of a 01 per cent, sofution of potassium nitrite followed by sul- 
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phuric acid, when a rose colour indicates the presence of indole 
A more sensitive test is Ehrlich*s Rosindol Reaction. Ehrlich’s 
reagent is carefully added to the broth with a pipette so that it 
floats on the surface, and the tube is gently a gitated to sec ure a 
slight mixing between the fluids If’mdole is present, a red ring 
develops and the colour diffuses through the supernatant solution. 

T -1 j r 1 . ^ ’ ''.ibn 

t • in- 

I ^ ^ any 

strain^ o^fS/i._//ejr«m from Salm. typlu which in 
other res^tsTehave similarly. If, in addition 
to indole, nitrites are also produced, the nitroso- 
indole reaction is given on the addition of sul- 
phuric acid alone This is known as the ’’ Choler a 
R ed Reac tion”, and distinguishes V. ^chole ra 
from many other vibrios which it otherwise 
resembles 

•The Voges-Proskauer rcactionjs useful m dis- 
tinguishing certain members of the group of 
intestinal bacilli The test is earned out by grow- 
ing the organism for 1 or 2 days in the buffered 
glucose broth described in Chapter XLVIll 
Incubation at 30* is more satisfactory for this 
reaction than at the customary 37*. To the 
culture IS added a knife point of CTeatii^(as re- 
commended by O’Meara) and an equal volume 
Fig 40— Lique- of 40 per cent, sodium hydrate solution The 
ATiN BY Staph whole IS vigorously shaken and, if the test be 
pyogenes positive, a rcd_colour develops in a few minutes. 
• A positive reaction is due to the production "of 

acetyl-methyl-carbinol. A satisfactory alternative method of 
demonstrating the pro'duction of acelyl-methyl-carbinol is that of 
Barritt^ To 1 0 ml. of a culture m buffered glucose broth are 
added 0 6 ml. of a 5 per cent solution of «-naphthol in alcohol and 
0 2 ml of a 40 per cent, solution of potassium hydroxide. The 
tube IS vigorously shaken and, if the result is positive, the fluid 



144 HANDBOOK OF BACTERIOLOGY 

becomes pink in a few minutes, the colour deepening to crimson 

or magenta \vithin 1 hour. 

The fe rmenta tive activity of an organism is, in the case of the 
members of some groups, of outstanding importance for identi- 
fication. To suitable medium (peptone water most usually) 0-5 to 
1 0 per cent, of vari ous_c arbohvdratcs are added and the medium 
then used for the cultivation of the organism. .-It may either fail 
to act on the carbohydrate or it may ferment it, producing either 
acid alone or gas as v vell as acid . The production of acid may be 
determined by the addition to the medium of an indicator which 
changes colour when acid is produced. Gas, if any is evolved, 
collects in a small test tube inverted in Ih^medium. The gas is 
generally a mixture of hydrogen and carbon dioxide and the 
■ proportion of the two may be of some importance. Gas produc- 
tion may also be judged by the ‘splitting caused in solid media 
containing fermentable carbohydrates, and when the amount of 
gas is small this method is more delicate than that in which fluid 
media are used. The determination of the fermentative activities 
of the organism is most useful in the case of the Gram_ne gatiye 
i ntestinal bacilli in which morphology assins very little in 
identification. 

*' T ■ ‘ ’ .* * • • • - - iium 

* ■ ■ ' . . • ated 

IS of 

methyl-red solution arc added and the resulting colour noted. 
I f red (showing high and persisting acidity), the test is positi ve; if 
yeU^ (indicating low or transient acidity), it is negative. This 
test IS chiefly used for distinguishing coli form bacilli isolated from 
water. 


Serological Methods of Identification 
As a result of the various procedures described we are, at this 
stage of the investigation, either quite satisfied as to the identity 
of the Organism or have narrowed the choice down to two or 
three; the next appeal is frequently to serology. vWhen an animal, 
such as a rabbit, is inoculated with an organism, antibodies are 




Colonies of Bacteria 

1 Streptococci on blood agar shoviing 4 Sa lm l\ plit on MacConLe>’s- 

ahimohsis medium 

2 Streptococci on blood agar showing S. Ba ct^ colt on MacConVej’s 

p ha^moUsis. medium 

3 Slnl^^foiocciis /iiogfiiri on blood 6. Salm t^phi on Wilson and 

agar. Blair's medium 
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becomes pink in a few minutes,"the colour deepening to crimson 

or magenta wthin 1 hour. 

The fe rmenta tive activity of an organism is, in the case of the 
members of some groups, of outstanding importance for identi- 
fication. To suitable medium (peptone water most usually) OJ to 
1 -0 per ce nt, of vari ous c arbohydrates are added'and the medium 
then used for the cultivation of the organism. <^11 may either fail 
to act on the carbohydrate or it may ferment it, prod ucin g either 
ad^ alone or gas as well as _acid. The production of acid may be 
determined by the addition to the medium of an indicator which 
changes colour when acid is produced. Gas, if any is evolved, 
collects in a small test tube inverted in the^edium. The ga_s is 
generally a mixture of hydrogen and carbon dioxide and the 
proportion of the two may be of some importance. Gas produc- 
tion may also be judged by the ’sphtting caused in solid media 
containing fermentable carbohydrates, and when the amount of 
gas IS small this method is more delicate than that in which fluid 
media are used. The determination of the fermentative activities 
of the organism is most useful in the case of the Gram negat ive 
i ntestinal bacilli in which morphology assists very little in 
identification.. 

’ ■ The m eth yl-red test depends on the final reaction of the medium 
after gl^se fermentation. Buffered glucose broth is inoculated 
with the organism and incubated for 4 days. A few drops of 
methyl-red solution are added and the resulting colour noted. 
I f red (showing high and persisting acidity), the te st is positi ve; if 
yelbw (indicating low or transient acidity), it is negative. This 
test IS chiefly used for distinguishing c oliform bacillusolated from 
water. 


Serological Methods of Identification 
As a result of the various procedures described we are, at this 
stage of the investigation, either quite satisfied as to the identity 
of the organism or have narrowed the choice down to two or 
three; the next appeal is frequently to serology. .When an animal, 
such as a rabbit, is inoculated with an organism, antibodies are 
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produced to that organism and are found in the animal’s serum. 


of being Sa!m. typhi, is ag glutin ated by an a nti-typhoid serum , we 
can usually decide definitely that the bacillus is S alm. typ hi 
The macroscopic method should be used, and the unknown 
organism should be agglutinated to at least one-third the litre of 
the serum for its homologous organism. T n some cases s imple 
aggluti nation may be in suffic ^ ........ .i.w.w-.-. 

agglutin ins in the serum , a ' 

“ absorption of agglutinin ” 
describ ed else where. 

Pathogenicity 

The final test to be applied for the identification of certain 
organisms is that of animaLinoculation. Many bacteria which 
are pathogenic for man are also pathogenic for animals, and the 
results of infection with certain organisms, as seen at a post- 
mortem examination, may be sufficiently characteristic to make 
the presumptive identification certain. This is true, for example, 
of the tubercle bacillus and the anthrax bacillus. '-Those bacteria 
which produce a powerful exotoxin may be identified by finding 
that their cultures produce a characteristically fatal result in one 
animal but not in another which has been injected simultaneously 
with antitoxic serum. This is the method used to prove that an 
organism resembRng the C. diphtheria in morphology and cul- 
tural characteristics is actually a virulent C. diphtheria. 

It is not necessary to employ alt the methods described for 
every bacterium which it is required to identify. -^In the case of 
some bacteria it may be possible to name the unknown organism 
definitely in a day or two, in the case of others this may occupy 
a matter of weeks or even months. It is only by a fairly complete 
knowledge of the charactenstics of the various types of bacteria, 
of the many cultural methods and of the niceties of technique, 
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diagnosis or treatment, to know whether a patient has been in- 
fected with a type A or a type B typhoid bacillusj but this know- 
ledge IS of great value i n tracking an epidemi c to its source If, for 
example, several cases of typhoid fever in a community are found 
to be due to one type, and several to another, it is at once obvious 
that the ultimate sources of tnfeclion arc difTcrcnl m the two 
groups.V'By an intensive search for carriers and by typing the 
bacilli excreted by them, responsibility for originating an epidemic 
may often be attached, with almost complete certainty, to indi- 
vidual carriers 

In the case of C. tliphrlieri(p it is possible, on a basis of mor- 
phology, cultural characteristics and pathogenic powers, to dis- 
tinguish t hree varieties, which arc usually described as types— 
gravis, i ntermi dfus an ^ miti s. The differences between the three 
ar^ much more marked than are those used m some genera to 
difTerenliate species, but_sincc*^thcy^ produce the same toxin and 
the same disease we are unwillmg to allot them to different species. 
We propose, therefore, to refer to them as the three groups of 
C. diphtheria. A number of types can be dilTerentiatcd within 
each group by serological methods 

Koch's Postulates 

Under what conditions arc we able to state positively that a 
given organism is the cause of a certain disease? The most strict 
criteria are those known as Koch’s Postulates 

1 . The organism should be present in the tissues or fluids of the 
affected animal. 

2 It should be isolated and cultivated outside the body for 
several generations. 

3 The cultivated organism, on inoculation into a suitable 
animal, should reproduce the disease. 

4. It should be again isolated from the artificially infected 
animal 

It IS not possible in every case to fulfil all these requirements, as, 
for example, m the case of those viruses which cannot be cultured 
and of those bacteria which arc pathogenic for human beings but 
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that the bacteriologist is able to select the methods of investigation 

necessary in each case and to avoid those not likely to yield useful 

information. 

Differentiation of Types 

It IS no longer, in all cases, considered sulUcient to determine 
the g enus an d species to which a given organism belongs. Now 
we frequently require, in addition, to know it£typc wi thin the 
spwies 

The criteria on which the determination of types depends vary 
with the Species. The most commonly used basis of type difier* 
cntiaiion is differences in the chemical composition of the bacteria 
themselves, their ji ppenda ges (flagella or capsules) or soluble 
p roduc ts. Since the detection of these diiTcrenccs by chemical 
means would often be quite impossible, mc utilise the living animal 
body to do what the chemist cannot, ^ny of these chemical 
substances are antigenic, that is, when introduced into the 
animal body, they stimulate the formation of antibodies which 
react with a higii degree of specificity with the corresponding 
antigen -The differentiation may be applied to somatic antigens 
(cg.*in streptococci), to capsular antigens in pneumococci) 
or to toxic antigens {e.g. m CL perfringens and Cl. botulinum). 

A completely dilTercnt method which, however, has probably 
also a c hem ical bi\sis, is used for the 'division into types of Sahn . . 
typhi. Viruses, known as bacteriophages or phages^ exist w’hich 
are capable of dissolving or lysing these bacteria. Some of these 
phages are highly specific, acting even in high dilution on one 
strain and either not acting at all or acting only when concen- 
trated on another. ^ Among these phages are some which can be 
conditioned or trained to act on a strain against which they were 
previously relatively inactive. All strains o f the bacterium which 
are lysed by a particular conditioned phage are placed in the same 
type to which a letter (A, B, C, etc.) is arbitraqly allotted. Simila'' 
methods have been applied to the typing of Staph pyogenes and 
there is little doubt that the method will ultimately be used for 
typing other species of bacteria I t is of no importance, either for 
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diagnosis or treatment, to know whether a patient has been in- 
fected with a type A or a type B typhoid bacillus^ but this know- 
ledge IS of great value m tracking an epidemi c to i ts source 1 f, for 
example, severaTcasM of typhoid fever in a community are found 
to be due to one type, and several to another, it is at once obvious 
that the ultimate sources of infection are different in the two 
groups V'By an intensive search for earners and by typing the 
bacilli excreted by them, responsibihty for originating an epidemic 
may often be attached, with almost complete certainty, to indi- 
vidual earners. 

In the case of C. cliphtheri(p it is possible, on a basis of mor- 
phology, cultural characteristics and pathogenic powers, to dis- 
tinguish three varieties which are usually described as types — 
gravis, i nter^m edfys and miti s. The differences between the three 
aTTmuch more marked than are those used in some genera to 
differentiate species, but _since’'thei^ produce the same toxin and 
the same disease we are unwilling to allot them to different species. 
We propose, therefore, to refer to them as the three groups of 
C. (hphtherif. A number of types can be differentiated within 
each group by serological methods 

Koch^s Postulates 

Under what conditions are we able to state positively that a 
given organism is the' cause of a certain disease? The niost strict 
criteria arc those known as Koch’s Postulates 

1 The organism should be present in the tissues or fluids of the 
affected animal. 

2. It should be isolated and cultivated outside the body for 
several generations 

3 The cultivated organism, on inoculation into a suitable 
animal, should reproduce the disease 

4 It should be again isolated from the artificially infected 
animal 

It IS not possible m every case to fulfil all these requirements, as, 
for example, in the case of those viruses which cannot be cultured 
and of those bacteria which are pathogenic for human beings but 
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not for any of the lower animals, but they rcpresent.the ideal to 
be aimed at. Since the postulates were formulated, immunology 
has given us some useful methods which help us to connect an 
organism with a disease, and every bacteriologist is satisfied that 
the causative organisms of several diseases are known although 
all the postulates have not been satisfied. 



CHAPTER X 


ANTISEPTICS, CHEMOTHERAPY, ANTIBIOTICS 

Certain chemical substances either kill bacteria or prevent their 
growth in the presence of nutrient material. Those which kill 
bacteria are described as bactericidal, those which prevent 
bacteria growing without killing them as bacteriostatic. It is not 
always an easy matter to determine to which class a particular 
substance should be assigned as most substances which are 
bactericidal m high concentration are bacteriostatic in low The 
converse is not always true some substances, even in the highest 
attainable concentration, are only bacteriostatic. A further 
difltculty IS that, if bacteria are prevented from growing, they have 
a tendency to die, so that it ts a matter for philosophers rather 
than bacteriologists to decide whether the bacteria were killed by 
the substance or, in its presence, died. 

The terms most commonly applied to antibacterial substances 
are antiseptic, disinfectant and germicide. 

An antiseptic is, as its name implies, a substance which prevents 
putrefaction or sepsis, but the word has acquired a wider meaning 
and may now be applied to any substance which prevents the 
growth of bacteria An antiseptic may be either bactericidal or 
bacteriostatic in its action. 

A germicide is a substance which kills germs, that is, bacteria 
It IS obviously a bactericidal substance. 

A disinfectant is a substance which prevents the spread of 
infectious disease by killing the causative organism of the disease. 
A substance which kills pathogenic bacteria is certain to kill other 
types as well, but the term does not imply that the substance is 
capable of sterilising, that is of killing all forms of bactenal life. 
A disinfectant is, therefore, bactericidal, but possibly only to a 
limited extent. 
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It is a good practice to use the term antiseptic when the precise 
mode of action of the substance under consideration is either 
uncertain or unimportant, and the term bactericide and bacterio- 
stat when we wish to be specific as regards the action of the 
substance. 

Many substances act as antiseptics — acids and alkalies, oxidis- 
ing and reducing substances, halogens, metallic salts, alcohols, 
ethers and aldehydes, ■volatile oils and aniline dyes. While their 
precise mode of action differs, the end result of those which are 
bactericidal is so to alter the bacterial protoplasm as to render it 
incapable of behaving as a living substance. In other words, these 
antiseptics are protoplasmic poisons from which it follows that, 
while they kill bacteria, they also kill or injure other cells, includ- 
ing those of the human body. Most antiseptics are, to a greater ot 
less extent, selective. That is, they act m higher dilution against 
some bacterial species than against others. With a few, selectivity 
goes further than this and those which are more injurious to 
bacterial protoplasm than to the protoplasm of mammalian cell, 
arc of especial value in the treatment of tissues invaded by bacteria. 

In order to kill bacteria, an antiseptic must be brought into 
intimate association with them For this reason most antiseptics 
are effective only when in solution. Some, however, are equally, 
or even more, effective when applied in the form of emulsions. 

In assessing the value of an antiseptic as a bactericide the 
following factors must be considered — 1. Nature of the bacteria; 
2. Number of bacteria; 3. Concentration of the substance; 4. 
Temperature; 5. Rate of kilJing; 6. Environment 

Each antiseptic has its own peculiarities as regards the species 
of bacteria against which it acts best. The underlying principles 
are almost completely unknown and actual e.xperiment is required 
to determine whether a given substance is of value against a 
particular species The aniline dyes are mostly highly specific 
and use is rnade of this peculiarity by incorporating them in cul- 
ture media which, as a result, permit the growth of certain bacteria 
while completely suppressing the growth of others. Almost the 
only generalisations which it is safe to make are that spores are 
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more difTicult to kill than are vegetative forms and that bacteria 
with a high lipin content, such as the tubercle bacillus, are more 
resistant than other non-sporing organisms. 

The number of bacteria which are acted upon by an antiseptic 
does not significantly affect the potency of a particular concen- 
tration unless the number is very large and the antiseptic is one 
which, in whole or part, enters into chemical combination with 
bacterial protoplasm (e.g. the mercurials, oxidising agents). 

The next three factors, concentration, temperature and rate of 
killing, are so interdependent that they must be considered 
together. Safe generalisations are that bacteria are more rapidly 
killed by high concentrations than by low and at high tempera- 
tures than at low. Each antiseptic has its own characteristics as 
regards the rate at which it kills bacteria and the effects of con- 
centration and temperature. Some antiseptics, particularly the 
halogens, are rapid in action; some, such as salts of mercury, slow. 
Increasing the concentration of the antiseptic has a much more 
marked effect in accelerating killing with some antiseptics than 
others Doubling the concentration of phenol increases its rate 
of action sixty-four times, while a similar increase m the concen- 
tration of mercuric chloride only doubles its rate of killing. 

A rise in the temperature at which an antiseptic acts on bacteria 
has a more marked effect in some cases than in others. A rise of 
10° increases the rate of killing of bactena by a particular concen- 
tration of phenol eight times: the same rise increases the rapidity 
of action of mercuric chloride two or three times. 

All the individuals m a bacterial population are not killed by an 
antiseptic at exactly the same moment Although the majority 
are killed within a very short time of one another, some are killed 
more rapidly and some more slowly 

In evaluating an antiseptic it is customary to determine, for a 
particular concentration acting on an ascertained number of 
bacteria of known species, the time required to sterilise, that is to 
kill all the bacteria m a measured volume of the test fluid. This 
gives rather a wrong impression of the potency of the antiseptic 
since the time required to kill the last I per cent, of the bacteria 
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It is a good practice to use the term antiseptic when the precise 
mode of action of the substance under consideration is either 
uncertain or unimportant, and the term bactericide and bactcrio- 
stat when we wish to be specific as regards the action of the 
substance. 

Many substances act as antiseptics — acids and alkalies, oxidis- 
ing and reducing substances, halogens, metallic salts, alcohols, 
ethers and aldehydes, volatile oils and aniline dyes. While their 
precise mode of action differs, the end result of those which are 
bactericidal is so to alter the bacterial protoplasm as to render it 
incapable of behaving as a living substance. In other words, these 
antiseptics are protoplasmic poisons from which it follows that, 
while they kill bacteria, they also kill or injure other cells, includ- 
ing those of the human body. Most antiseptics are, to a greater or 
less extent, selective. That is, they act in higher dilution against 
some bacterial species than against others. With a few, selectivity 
goes further than this and (hose which are more injurious to 
bacterial protoplasm than to the protoplasm of mammalian cell, 
are of especial value in the treatment of tissues invaded by bacteria 

In order to kill bacteria, an antiseptic must be brought into 
intimate association with them. For this reason most antiseptics 
are effective only when in solution. Some, however, are equally, 
or even more, effective when applied in the form of emulsions. 

In assessing the value of an antiseptic as a bactericide the 
following factors must be considered — I. Nature of the bacteria; 
2. Number of bacteria; 3. Concentration of the substance; 4. 
Temperature; 5. Rate of killing; 6. Environment. 

Each antiseptic has its own peculiarities as regards the species 
of bacteria against which it acts best. The underlying principles 
are almost completely unknown and actual experiment is required 
to determine whether a given substance is of value against a 
particular species. The aniline dyes are mostly highly specific 
and use is made of this peculiarity by incorporating them in cul- 
ture media which, as a result, permit the growth of certain bacteria 
while completely suppressing the growth of others. Almost the 
only generalisations which it is safe to make are that spores ar® 
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has a high Rideal-Walker coeflident may be almost useless as a 
disinfectant of the secretions or excretions of a patient. To meet 
these criticisms, various modifications have been introduced. In 
the best of these, the Chick-Marlin test, dried sterilised feces are 
added to the tubes and the time of action is fixed at 30 minutes: 
the test organism is, as in the Rideal-Walkcr method, the typhoid 
bacillus. This modification does not meet the criticism that the 
test uses the time required to sterilise rather than that necessary 
to kill 50 per cent, of the bacteria. 

There is no ideal or universal disinfectant. We must select the 
one which best serves our particular purpose. There is little 
probability of the substance considered most useful for the disin- 
fection of the feces of a typhoid fever patient being best for the 
preparation of the skin prior to operation or for the irrigation of 
an infected bladder. 

For the disinfection of feces, urine and sputum, Lysol (cresols 
dissolved in soap solution) or one of the many other coal-tar 
disinfectants (Izal, Cyllin etc.) in which the cresols are held in 
suspension as emulsions by gums or oils, are commonly used. 
These disinfectants, which are cheap, are reliable because the 
cresols are not rendered inert by the presence of proteins. 

Chlorine and certain compounds the active constituent of 
which is chlorine are unequalled for the disinfection of water, but 
are almost useless, except in great excess, for disinfection of 
secretions and excretions containing much protem material. 

Dettol, the active constituent of which is xylenol modified by 
the addition to its molecule of an atom of chlorine, is better 
tolerated by the tissues than the majority of active disinfectants. 
It has, as a further advantage, the fact that its potency is but little 
reduced in the presence of blood and pus. 

For the disinfection of the skin many antiseptics, including such 
dyes as gentian violet, have been used, but it is doubtful if any is 
superior to iodine. A solution of 2 5 per cent, iodine and 2 5 per 
cent, potassium iodide m 90 per cent, alcohol is effective and not 
excessively irritating. Alcohol itself has some disinfecting power 
on which, however, too much reliance should not be placed. 
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may be double that which sufllccs to kill 99 per cent. For this 
reason it is preferable to determine for, a particular concentration, 
the LD 50, that is the time required to kill 50 per cenL of the 
bacteria present. 

The Ridcal-Walkcr test has been very extensively used to assess 
the potency of disinfectants. In this test, tubes containing various 
dilutions in water of phenol and of the antiseptic under test are 
inoculated with Salm. typhi and subculturcd into broth after 21, 5, 
10, 121 and 15 minutes. The broths, after incubation, show 
whether the bacteria survived or not and so we learn, for each 
concentration of each antiseptic, the time required to sterilise the 
volume tested — one loopful. The results arc set out in tabular 
form and a dilution of the new antiseptic which gives exactly the 
same results as one of phenol is selected. Suppose that the 1 : 100 
dilution of phenol docs not kill all the typhoid bacilli in 21 or 5 
minutes but docs in li minutes and that the 1 : 350 dilution of the 
antiseptic under test gives exactly the same result, the carbolic 
acid (or Ridcal-Walkcr) coefncicni of the antiseptic is 350*rl00«= 
3*5. In other words, the antiseptic is, as judged by this method, 3'5 
times as powerful as phenol. 

Various criticisms of the method have been made. One is 
that the test organism is the typhoid bacillus, while the disinfec- 
tant may be required to combat other pathogenic bacteria, the 
resistance of which may be very diflerent from that of the typhoid 
bacillus. Another criticism is that the method yields a higher 
coefficient for disinfectants which act rapidly than it does for 
more slowly acting substances. In this connection it may be said 
that mercuric chloride has a Rideal- Walker coefficient of 2 (that 
is, it is twice as powerful as phenol), when the test period is 2} 
minutes while, when the test period is 30 minutes, its coefficient 
IS over 500. The chief criticism of the method, however, is that it 
tests the efficacy of a disinfectant in an environment consisting 
mainly of water and almost devoid of protein. In practice we 
require of a disinfectant that it shall, within a reasonable time, 
kill pathogenic bacteria in the presence of blood, pus, sputum or 
feces, that is, in a richly protein environment. A substance which 
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bacteria. In the absence of these cells, and protected by the 
necrotic material composed of other dead cells, any surviving 
bacteria and those subsequently introduced flourished and sepsis 
persisted. 

Fleming, in one of his elegant experiments, showed the effects 
of varying concentrations of phenol in a wound. He made a 
senes of dilutions of phenol in blood inoculated with streptococci. 
Each preparation contained the same amount of blood, complete 
with Its plasma, red cells and white cells, and the same number of 
streptococci. The only variable was the phenol which was present 
in highest concentration in the first preparation in the series from 
which the amount fell to the last which contained none. In the 
preparations containing the highest concentrations of phenol, 
there was no evidence of growth of the streptococci. This was 
followed by a zone in which the streptococci had survived and 
grown. In the later preparations, as also in the control which 
contained no phenol, there was again no evidence of growth of the 
streptococci. The explanation of these results was that, in high 
concentrations of phenol, both the bacteria and the leucocytes 
had been killed, in lower concentrations the leucocytes but not the 
streptococci had been killed and the latter had grown, unrestrained 
by the small amount of phenol present. In the final preparations, 
neither the streptococci nor the leucocytes had been killed by the 
phenol, but the leucocytes had ingested and destroyed the bacteria. 
The lessons to be learned from this experiment are that the leuco- 
cytes, on which the body mainly depends for its defence, are more 
easily killed by crude antiseptic substances than are the bacteria 
and that the application of such substances to wounds may do 
more harm than good. 

Antiseptic surgery gradually gave place to aseptic in which heat 
IS used for sterilisation of instruments, etc , and no injurious 
materials are brought into contact with exposed tissues. 

Many new antiseptics have been introduced since Lister’s time 
and some of these are so selective m their action that it is possible 
to use them m a concentration at which they are lethal for at 

east some species of bacteria but not for tissue cells or phago- 
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Alcohol diluted with water (50 to 70 per cent, alcohol) is more 

cfTectivc than is absolute alcohol. 

For protection against bacterial conLimination of biological 
products such as sera and vaccines intended for injection, the 
antiseptic selected must not. In the dose introduced, be toxic, must 
not give rise to severe irritation and must not cause precipitation 
or other alteration in the product. Phenol, formalin, alcohol, 
glycerol, merthiolatc (an organic mercurial salt) and many others 
have been used for this purpose. 

The discovery that it is possible to kill bacteria suspended in 
the air by finely dispersed chemical substances is a relatively 
recent one. Conditions here arc completely difTerent from those 
found in fluids and some of the substances most effective for the 
disinfection of the air arc relatively weak in a lluid medium- 
Among substances used for this purpose, in addition to such 
ordinarily recognised disinfectants as hypochlorites, arc lactic 
acid and propylene glycol. The latter, when vapourised, kills 
practically all bacteria in air within 5 minutes when acting in a 
concentration of one part in two and a half million parts of air. 

Chemotherapy 

Lister, appreciating the importance of Pasteur’s discoveries R 
bacteriology and convinced that sepsis was due to the introduc 
tion into the tissues of bacteria, devised his antiseptic method oi 
surgery. He relied on the bactericidal power of carbolic acid and 
other chemical substances to kill bacteria on the hands, instru- 
ments and dressings of the surgeon and in this way rendered h 
possible to secure the healing of wounds without the sepsis which, 
previously, had been almost universally present. He did not 
hesitate to introduce antiseptics into wounds where they were *n 
iTn-mediatt: contact with nnpiotccted tissnts. It was not long before 
it was realised that antiseptics in a wound were rarely beneficial 
and often harmful. In the presence of established sepsis, they 
usually failed to sterilise the wound, that is to kill all the bacteria 
in it, but they did kill large numbers of cells, including the phago- 
cytic cells which are the body’s chief defenders against invading 
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disadvantages of the various sulphonamides. Some are more 
successful against one organism, some against another, some are 
specially indicated for a particular purpose because they are 
fairly soluble, others, for another purpose, because they are but 
slightly soluble; some are of high efficiency but are toxic, others 
of less efficiency are to be preferred because they are little liable 
to give rise to toxic symptoms. 

The outstanding features of the sulphonamides are that they 
are bacteriostatic and, to some extent, bactericidal in low concen- 
trations (from 1 • 100,000 to 1 : 10,000), that in such concentra- 
tions they are harmless to phagocytic and tissue cells, and that 
they can be administered orally. 

There is no generally accepted view as to their mode of action 
but it may be taken as established that they do not act, as do the 
majority of ordinary antiseptics, by coagulating or otherwise 
crudely altering the chemical or physical nature of bacterial 
protoplasm. Rather do they appear to starve the bacteria by 
depriving them of some essential metabolite with the result that 
they cease to multiply and ultimately die. It is possible that, 
through similarity in chemical structure of sulphonamide and a 
substance required by the bacteria for synthesis into protoplasm 
or a precursor of such a substance, the limited amount of enzyme 
available for this synthesis is preoccupied by the sulphonamide 
and so is not available for its legitimate purpose. While there may 
be several such substances, there can be little doubt that one of 
them is poro-ammobenzoic aad 

As has been stated above, sulphonamides do not attack all 
species of bacteria. They are of chief value against the pathogenic 
COCCI (except Staphylococcus pyogenes which is attacked only by 
some of them and by these only to a limited extent), many of the 
Gram negative bacilli and especially the shigells, and species of 
the genera Corynebacterium, Hamophilus and Clostridium. 

Since not all strains of a bacterial species normally sensitive to 
sulphonamide action are sensitive, it is advisable, before treatment 
IS instituted, to test the patient’s strain. This can be done by one 
of the methods described elsewhere. 
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cytes. The acridines deserve special mention as they are of definite 
value in controlling, if not in overcoming, local infections. None, 
however, of the older antiseptics, when administered orally or by 
injection, is capable of combating deep seated infections. 

Chemotherapy means treatment of a disease fay a drug which 
has a lethal or inhibitory effea on the causative organism of the 
disease but which does not, in eflective concentrations, inflict 
damage on the cells of the body. As has been explained above, 
there are a number of chemical substances which have a useful 
chemotherapeutic action locally but for many years only one drug 
— quinine — was successfully applied to the treatment of a disease, 
the causative organism of which was widespread throughout the 
body. The organism against which quinine is elfective, the malaria 
parasite, is, of course, a protozoon and not a bacterium, 

Ehrlich, the founder of chemotherapy, sought for a drug which, 
like a “magic bullet”, would destroy in the body the pathogenic 
organisms at which it was aimed. He believed that the drug he 
sought would be a dye and so he evolved many new dyes, some 
of which were active against bacteria but only m concentrations 
which were toxic for the patient. His greatest discovery was 
Salvarsan, an organic arsenical compound which was not a dye. 
This was the precursor of a number of similar substances, widely 
used in the treatment of syphilis. In 1 935, Domagk, still under the 
influence of Ehrlich, while investigating the chemotherapeutic 
properties of various dyes, discovered Prontosil. This is an azo- 
dye into the molecule of which a sulphonamide group had been 
introduced because it had Jong been known that this group 
increased the fastness of dyes for silk and wool. Within a short 
time, Prontosil was shown to be by far the most successful drug 
ever employed in the treatment of natural infections of man and 
experimental infections of animals. 

Tr^fouel soon showed that Prontosil was active against bacteria, 
not because it was a dye, but because in the body it was broken 
down to para-aminobenzene sulphonamide now known as sulpha* 
nilamide, the first of the many sulphonamides 

It is not possible here to consider the relative advantages and 
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disadvantages of the various sulphonamides. Some are more 
successful against one organism, some against another' some are 
specially indicated for a particular purpose because they are 
fairly soluble; others, for another purpose, because they are but 
slightly soluble; some are of high efficiency but are toxic, others 
of less efficiency are to be preferred because they are little liable 
to give rise to toxic symptoms 

The outstanding features of the sulphonamides are that they 
are bacteriostatic and, to some extent, bactericidal in low concen- 
trations (from 1 ■ 100,000 to 1 : 10,000), that in such concentra- 
tions they are harmless to phagocytic and tissue cells, and that 
they can he administered orally. 

There is no generally accepted view as to their mode of action 
but it may be taken as established that they do not act, as do the 
majority of ordinary antiseptics, by coagulating or otherwise 
crudely altering the chemical or physical nature of bacterial 
protoplasm. Rather do they appear to starve the bacteria by 
depriving them of some essential metabolite with the result that 
they cease to multiply and ultimately die It is possible that, 
through similarity in chemical structure of sulphonamide and a 
substance required by the bacteria for synthesis into protoplasm 
or a precursor of such a substance, the limited amount of enzyme 
available for this synthesis is preoccupied by the sulphonamide 
and so is not available for its legitimate purpose While there may 
be several such substances, there can be little doubt that one of 
them is para-aminobenzoic acid. 

As has been stated above, sulphonamides do not attack all 
species of bacteria. They arc of chief value against the pathogenic 
cocci (except Staphylococcus pyogenes which is attacked only by 
some of them and by these only to a limited extent), many of the 
Gram negative bacilli and especially the shigcllx, and species of 
the genera Corynebacterium, Hcemophilus and Clostridium. 

Since not all strains of a bacterial species normally sensitive to 
sulphonamide action are sensitive, it is advisable, before treatment 
IS instituted, to test the patient’s strain This can be done by one 
of the methods described elsewhere. 



158 


irANDBOOK OF BACTERIOLOGY 


Sulphonamide therapy may fail in the presence of large numbers 
of bacteria or of pus. So treatment of a patient with an abscess 
may not succeed until its contents have been evacuated. 

Since sulphonamides are fairly rapidly excreted from the body, 
mostly m urine, it is necessary, in order to maintain an effective 
concentration, to administer an adequate dose every 4 hours or so 
The oral route is satisfactory but, where it is of importance to get 
a high concentration as rapidly as possible, one of the more 
soluble sulphonamides may be introduced intravenously. The 
guiding principle m treatment should be high dosage for a short 
period rather than low dosage for a long period. If the treatment 
is going to succeed, there will be indications of a successful out- 
come within a few days. In the absence of such indications, the 
treatment should be abandoned. Such serious complications as 
agranulocytosis most commonly occur when treatment has been 
continued (often at a low level) for a long time. A serious objec- 
tion to low dosage IS the tendency of bacteria exposed to sub- 
inhibitory concentrations of sulphonamide to develop resistant 
forms This acquired resistance persists for many generations, 
possibly indefinitely. It is because many strains of the gonococcus 
have acquired resistance to sulphonamides that these drugs are 
now less successful in the treatment of gonorrhiea than they were 
when first introduced. 


Antibiotics 

A substance produced by an organism which is antagonistic to 
the life or growth of another organism is called, not very happily 
we think, an antibiotic. 

Pasteur was probably the first bacteriologist to observe that the 
proximity of a colony of one type of bacterium might prevent the 
growth of another type Many others earned the investigation 
further and before the end of last century pyocyanase, a product 
of the growth of Ps pyocyanea, had been obtained in reasonably 
pure form Pyocyanase has the power of killing and of dissolving 
bacteria of several species, but it is too toxic for clinical use. 

A number of workers earned on the study of antibiotics pro- 
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duced by bacteria, fungi and molds, but it was not until penicillin 
had, in clinical trials, demonstrated its value, that most workers 
realised the practical value of antibiotics. 

Penicillin was discovered by Fleming in 1929, but it was almost 
completely neglected until 1941 when, largely as a result of the 
work of Florey and Cham, it became available in sufficient amount 
for clinical trial Almost at once this product of the growth of a 
mold, Pemcillntm noiatum, established itself m a position which 
it still holds as the greatest of the antibiotics. 

Penicillin has been synthesised, but synthetic penicillin is and is 
likely to remain a chemical cunosity as extraction from the 
medium in which the mold has grown is a more economical 
method of production 

Penicillin, as produced naturally, is a mixture of four chemically 
distinct but closely related substances known by British workers 
as penicillins I, II, III and IV which correspond respectively to the 
American F, G, X and K. The four dilTer slightly in their potency 
against different organisms, their rate of destruction m and 
elimination from the body and in other respects, penicillin IV (K) 
being of least therapeutic value. It is possible, by suitable modi- 
fications in the method of manufacture, to secure a relatively high 
yield of one or more of these at the expense of the others and, 
during purification, to eliminate the least efficient one. The 
penicillins arc complex organic acids which are usually supplied 
as salts of sodium or calcium In this chapter we propose to ignore 
the minor differences of the four penicillins and consider them as 
one substance Some brands of penicillin intended for clinical use 
are of a yellow colour, but pure penicillin is quite colourless. 

The penicillin now available is much more stable than were the 
impure samples first used therapeutically. Kept dry and in sealed 
containers at air temperature, the loss in potency of penicillin is 
negligible over a period of several months Solutions are much 
less stable and, if they are to be kept at all, should be stored at 
refrigerator temperature They should be rigorously protected 
against bacterial contamination Penicillin is destroyed by acids 
and alkalies and by many other chemical substances For this 
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reason it should not be mixed with any other material until the 
latter has been found to be innocuous. 

Several species of bacteria {Ps. pyocyanca, some of the coliform 
bacilli and some species of (he genera Proteus and Bacillus), which 
arc resistant to the action of penicillin, owe their resistance to the 
production of penicillinase, a substance, possibly an enzyme, 
which rapidly destroys penicillin. Penicillin may fail to overcome 
a highly susceptible organism if this is present in a lesion with 
other bacteria, some of which arc penicillinase producers. 

Penicillin is undoubtedly the most potent antibiotic or chemo- 
therapeutic remedy uc possess but it is not equally potent against 
all species of bacteria, ft acts powerfully against almost all 
pathogenic cocci, Gram positive as well as Gram negative, includ- 
ing Staph, pyogenes. Among other susceptible organisms arc 
C. (hphtherta^ B. antUracis, some strains of H. influenza., Tr. 
palliifum, other spirochmtes and many of the closlridia. The 
majority of Gram negative bacilli are resistant although some 
(such as Salm. lyp/it) are only moderately so. 

Even among normally susceptible species, such as Staph, 
pyogenes, some strains arc encountered the resistance of which is 
naturally much greater than that of normal strains and some which 
are almost insensitive. As a result of prolonged exposure to 
concentrations too weak to be even bacteriostatic, resistance to 
penicillin can be artificially induced. For these reasons, it 
almost essential to test the sensitivity of the patient’s own strain 
before penicillin therapy is instituted. 

The action of penicillin is mainly bactericidal although, m sub- 
lethal concentrations, ii is also bacteriostatic. About its mode of 
action there is still much which is obscure, but there can be no 
doubt that it acts in some way by interfering with bacterial 
metabolism. In order to kill, penicillin must be absorbed info the 
cell. This can occur only Buriog active metabolism which is an 
essential preliminary to division, so bacteria, even of the most 
susceptible types, are unaffected by penicillin when suspended m 
a non-nutrient medium. When penicillin is absorbed, one result 
is interference with division so that giant forms are produced. 
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Some types of bacteria, killed by penicillin, dissolve. This is 
probably due to autolysis of dead bacteria rather than to any 
specific action of the antibiotic. 

In the lowest concentrations with any demonstrable antibac- 
.erial effect, penicillin acts mainly as a bacteriostat. In slightly 
higher concentrations, it is bactericidal and, over a rather narrow 
range, increases in concentration increase its bactericidal activity. 
A concentration is soon reached, however, which has maximum 
lethal power. Even enormous further increases in concentration 
do not increase either the rate of killing or the number of bacteria 
killed. 

Penicillin, despite its great lethal powers, does not rapidly 
stenlise a fairly dense suspension of bacteria. Almost, but not 
quite all, the bacteria are killed within 24 hours but, if the peni- 
cillin is destroyed, the survivors sooner or later multiply. The 
explanation of this phenomenon, which is of great practical 
importance, is that, in even the most actively growing culture of 
bacteria, there are a few dormant forms which have been termed 
persisters. Since these are not “feeding” they are unaffected by 
penicillin. 

The duration of the period of dormancy vanes greatly from 
individual to individual. In some it may last only a few hours, 
in others for days, in a few for more than a week. As soon as a 
dormant form resumes activity it absorbs penicillin and is killed. 
Penicillin in relation to persisters acts in the same way as a trained 
police dog m relation to a fugitive. So long as he remains quiet 
he is not attacked, if he displays any activity it attacks him. 

Penicillin administered orally is absorbed from the intestinal 
tract but so much of it is destroyed by the acids and alkalies of 
the digestive system and by the pcnialhnase produced by intestinal 
bacteria that the oral method of administration is too grossly 
extravagent and unreliable to be practicable, except possibly in 
infants. Penicillin must, therefore (apart from local application 
to the skin, mucous membrane, cavities and wounds), be injected 
either intravenously, intramuscularly or subcutaneously. It is very 
rapidly absorbed and, within a few minutes of intramuscular injec- 
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reason it should not be mixed with any other material until the 
latter has been found to be innocuous. 

Several species of bacteria (Ps. pyocyanea, some of the cdlifom 
bacilli and some species of the genera Proteus and Bacillus), ^vb^ch 
are resistant to the action of penicillin, owe their resistance to the 
production of penicillinase, a substance, possibly an enzyme, 
which rapidly destroys penicillin. Penicillin may fail to overcome 
a highly susceptible organism if this is present in a lesion with 
other bacteria, some of which are penicillinase producers. 

Penicillin is undoubtedly the most potent antibiotic or chemo- 
therapeutic remedy we possess but it is not equally potent against 
all species of bacteria. It acts powerfully against almost all 
pathogenic cocci, Gram positive as well as Gram negative, includ- 
ing Staph, pyogenes. Among other susceptible organisms are 
C. dtphthcnee, B. anthracis, some strains of H. influenza, Tr. 
pallidum, other spirochsetes and many of the clostridia. The 
majority of Gram negative bacilli are resistant although some 
(such as Salm. typhi) are only moderately so. 

Even among normally susceptible species, such as Staplu 
pyogeties, some strains are encountered the resistance of which is 
naturally much greater than that of normal strains and some which 
are almost insensitive. As a result of prolonged exposure to 
concentrations too weak to be even bacteriostatic, resistance to 
penicillin can be artificially induced. For these reasons, it is 
almost essential to test the sensitivity of the patient’s own strain 
before penicillin therapy is instituted. 

The action of penicillin is mainly bactericidal although, in sub- 
lethal concentrations, it is also bacteriostatic. About its mode of 
action there is still much which is obscure, but there can be po 
doubt that it acts in some way by interfering with bacterial 
metabolism. In order to kill, penicillin must be absorbed into the 
cell. This can occur only during active metabolism which is an 
essential preliminary to division, so bacteria, even of the most 
susceptible types, are unaffected by penicillin when suspended m 
a non-nutnent medium. When penicillin is absorbed, one result 
is interference with division so that giant forms are produced. 
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the intrathecal space and in abscesses, may still be inadequate, it 
IS often an advantage to supplement general methods of adminis- 
tration by injecting a solution containing say 5000 units per ml. 
directly into these cavities once every 24 or 48 hours. 

Although the chemical formula of penicillin is now known, 
assay of a batch of pemcillm by chemical means is too diihcult to 
be practicable and so biological assay is usually employed The 
dose is expressed in terms of units and not of weight. The inter- 
national unit is based on the original Florey or Oxford unit 
which was arbitrarily adopted. It is an amount of penicillin which 
has the same antibacterial activity (against the “Oxford” strain of 
staphylococcus) as 0 0006 mg. of pure sodium penicillin II. To 
assay a batch of penicillin it is necessary to have a solution of 
standard penicillin, the strength of which in terms of international 
units is exactly known Suitable dilutions of the two are tested for 
antibacterial activity against the same culture of the Oxford 
staphylococcus either by the agar cup method or in broth (see 
Chapter XI) and their relative strengths determined. When two 
solutions have identical antibacterial activities, the two contain 
the same number of units of penicillin per unit volume If a 
1 • 25,000 dilution of the new penicillin gives zones of inhibition 
in the agar cup method of exactly the same diameter as a 1 . 1000 
dilution of the solution of standard penicillin and if the latter 
contains 500 International Units per ml , the new solution con- 
500 x 25,000 . 

tains jQQQ — =12,500 units per ml. 

Six other antibiotics require mention These, with the organ- 
isms responsible for their production, are: Streptomycin (Aciitio- 
myces griseus), Chloromycetin {Streplomyces \cnezuelcr), Aureo- 
mycin (Sireptomyces aureofaciens). Gramicidin (B brevis), 
Tyrocidin (B. brevis) and Streptothricin (Aclmom}ces lavendula). 
The only one to be synthesised on an economic basis is Chloro- 
mycetin and so, with it, differentiation of antibiotics from 
chemotherapeutic substances breaks down. 

As streptomycin is ineffective by the oral route and is rapidly 
excreted, It must be injected intramuscularly, every few hours, or 
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tion, its concentration in the blood is at a maximum. Penicillin 
is rapidly excreted from the body, mainly by the urine in which 
it is found in much higher concentrations than in the blood. 
Within a few hours of the injection of even a large dose, no 
penicillin is detectable in the blood. For this reason, solutions of 
penicillin in water arc usually administered either continuously or 
intermittently at intervals of not more than 4 hours by the 
intravenous or, more commonly, by the intramuscular route. One 
way to secure a uniform level of penicillin in the blood without 
frequent injections is to inject intramuscularly a compound of 
penicillin and procaine suspended in arachis oil. This acts as a 
depot from which penicillin is released into the blood over a 
period of 12 hours or more. The idea that it is essential to ad- 
minister penicillin in such a way as to secure its presence in the 
blood and tissues at all times throughout the period of treatment 
IS not now so universally held as in the early days of penicillin 
therapy. The administration of one or two large doses of penicillin 
each 24 hours appears to give just as good results as the adminis- 
tration of some SIX or eight smaller doses in the same period. 

If the condition of a patient demands penicillin therapy, the 
dosage should be adequate. For any condition in which treatment 
with penicillin is indicated, the dose should not be less than 
250,000 units each 24 hours and ten or more times this dose may 
be required in some cases. The aim should be to secure bactericidal 
action against the organism responsible for the condition Lowef 
dosage may be therapeutically useful since bacteriostasis permits 
the ordinary defence mechanisms to operate, but with prolonged 
treatment at low concentrations there is a real danger of producing 
penicillin-resistant strains. A further advantage of high dosage is 
that, with the resulting high concentration of penicillin in the 
blood and tissue fluids, there is a better chance of securing an 
effective concentration of the drug in areas rendered relatively 
inaccessible to it by the presence of serous membranes, granula- 
tion tissue or pus, through all of which penetration takes place 
with difficulty. Since, even with the highest practicable dose, the 
concentration in the peritoneal and pleural cavities, in joints, m 
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the intrathecal space and in abscesses, may still be inadequate, it 
is often an advantage to supplement general methods of adminis- 
tration by injecting a solution containing say 5000 units per ml. 
directly into these cavities once every 24 or 48 hours. 

Although the chemical formula of penicillin is now kno^vn, 
assay of a batch of penicillin by chemical means is too difficult to 
be practicable and so biological assay is usually employed. The 
dose is expressed in terms of units and not of weight. The inter- 
national unit is based on the original Florey or Oxford unit 
which was arbitrarily adopted It is an amount of penicillin which 
has the same antibacterial activity (against the “Oxford” strain of 
staphylococcus) as 0 0006 mg. of pure sodium penicillin II. To 
assay a batch of penicillin it is necessary to have a solution of 
standard penicillin, the strength of which in terms of international 
units is exactly known. Suitable dilutions of the two are tested for 
antibacterial activity against the same culture of the Oxford 
staphylococcus either by the agar cup method or in broth (see 
Chapter XI) and their relative strengths determined When two 
solutions have identical antibacterial activities, the two contain 
the same number of units of penicillin per unit volume. If a 
1 25,000 dilution of the new penicillin gives zones of inhibition 
m the agar cup method of exactly the same diameter as a 1 : 1000 
dilution of the solution of standard penicillin and if the latter 
contains 500 International Units per ml., the new solution con- 
500 x 25,000 

tains jQQQ — =12,500 units per ml. 

Six other antibiotics require mention These, with the organ- 
isms responsible for their production, are; Streptomycin (Actino- 
myces gnseus), Chloromycetin (Streptomyces Venezuela), Aureo- 
mycin (Streptomyces aureofaciens), Gramicidin (B. brevis), 
Tyrocidm (B. brevis) and Streptothnein (Actinomyces lavendula). 
The only one to be synthesised on an economic basis is Chloro- 
mycetin and so, with it, differentiation of antibiotics from 
chemotherapeutic substances breaks down. 

As streptomycin is ineffective by the oral route and is rapidly 
excreted, it must be injected intramuscularly, every few hours, or 
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into the body cavities. Chloromycetin and aurcomycin are best 
administered orally. As gramicidin, tyrocidin and streptothricin 
arc toxic, they arc suitable only for local application. 

Streptomycin is the only substance so far proved capable of 
killing the tubercle bacillus In the human body. Apart from this, 
it, like Chloromycetin and aurcomycin. supplements rather than 
replaces penicillin as an anti-bacterial agent. The three are of 
value in combating human infections with bacteria which are 
either naturally resistant or have acquired resistance to penicillin 
and the sulphonamides. It will probably become routine practice 
to precede treatment of a bacterial inflection with a test of the 
organism's sensitivity to sulphonamides and the four antibiotics 
and to base treatment on the results. 

Bacteria exposed to sub-lethal concentrations of streptomycin 
rapidly develop resistance to It. Treatment of infections other 
than tuberculosis should, therefore, be with large doses for onlya 
few days. Resistance to chloromycctin and aurcomycin is less 
readily developed. 

The main value of chloromycctin and aurcomycin lies in ihch 
capacity to kill, not only in the embryonated egg and in the in- 
fected animal but also in the human body, several varieties of 
rickettsi® and viruses. Here chloromycctin is outstanding, h is 
the treatment of choice in typhus and in the majority, if not in all, 
the other rickettsial diseases, as well as such virus diseases as 

psittacosis, atypical pneumonia and lymphogranuloma venereum. 

Aureomycin is similar in action to, but less effective than, 
chloromycctin in rickettsial and viral diseases. It has pro\e4 
particularly useful in the treatment of lymphogranuloma vener- 
eum. One"of its disadvantages is its instability in solution. 
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PRACTICAL METHODS IN CONNECTION WITH 
ANTIBIOTICS 

Pentcillin 

Testing the Sensitivity of an Organism 

We now know, for the majority of the pathogenic bacteria, 
whether a particular species is sensitive to penicillin or not, but 
even in the case of such an organism as Staph pyogenes, which is 
classed as sensitive, some strains of much less than normal 
sensitivity and some which are quite resistant occur. It is, there- 
fore, desirable, if not obligatory, to test the patient’s organism 
against petucillin in every case where penicillin therapy is 
contemplated. 

1. For clinical purposes, a simple and sufficiently accurate 
method is to spread material such as pus from the patient over a 
blood-agar plate so as to secure almost confluent growth on one 
part of the plate and well dispersed colonies on another. Then we 
divide the medium in the plate into two halves with a sterile knife 
in such a way as to include on each half both close-set and dis- 
persed colonies. Three drops of a sterile solution of penicillin in 
saline (5 units/ml) are deposited on one half of the plate and 
spread over that half with a sterile spreader The plate is incu- 
bated. If the organism is sensitive to such an extent as to render 
penicillin therapy of value, no colonics will have grown on the 
half of the plate over which penicillin was spread while a normal 
growth will be present on the other half. Resistant organisms, if 
present in the original material, will have grown equally well on 
both halves of the plate. 

2. This, the gutter plate method, is a simple and convenient one 
for testing and comparing the sensitivity of different bacteria. 
Two parallel lines, about 1 cm. apart, are cut across the medium 
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in a plate and the strip so formed is removed. Agar is melted 
(if the medium in the plate is agar, the strip may be melted) and 
to it is added sufficient penicillin solution to give a concentration 
of 10 u,. ml. With a sterile pipette, the pcnicillin*agar so formed is 
put into the gutter until its surface is level with that of the sur- 
rounding medium. A few hours after the agar is set, the plate is 



Fig 41 —Test of Sensitivity to Peniollin by Half Plate Method 
The plate was uniformly inoculated and then penicillin was spread over tM 
left half. 

inoculated in a senes of parallel lines drawn at right angles to the 
gutter and running across it. Each line is composed of a different 
organism, inoculation being performed with a platinum loop or, 
more satisfactorily, with a sterile throat swab moistened with a 
broth culture of the organism to be tested. There is no objection 
to heavy inoculation when the antibiotic is penicillin. A number of 
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difTerent organisms can be tested at the same time. After incuba- 
tion, the relative sensitivity of the various organisms is demon- 
strated almost diagrammatically. Those which are resistant grow 
up to and even across the gutter. The growth of those which are 
slightly sensitive stops short a few millimetres from the edge of the 



Fig 42 — ^Test of Sensitivity to Peniolun by Gutter Plate Method 
The organism in upper culture is resistant The other two organisms are 
scnsiuve 

gutter, while very sensitive organisms show no growth within 20 
or even 30 mm. of the gutter. 

3. This IS probably the most accurate method of judging the 
sensitivity of an organism. In a scries of broth tubes each con- 
taining a convenient volume of broth (5 ml , for example) halving 
dilutions of penicillin are made, the range of concentrations 
commonly being from 4 to 1/64 u /ml. Each tube is inoculated 
with one loopful of a broth culture of the organism and incubated 
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m a plate and the strip so formed is removed. Agar is melted 
(if the medium in the plate is agar, the strip may be melted) and 
to it is added sufficient penicillin solution to give a concentration 
of 10 u/ml. With a sterile pipette, the penicillin-agar so formed is 
put into the gutter until its surface is level with that of the sur- 
rounding medium. A few hours after the agar is set, the plate is 



Fig. 41 —Test of SENsmviTy to Penictllin by Half Plate Method 
The plate was uniformly inoculated and then penicillin was spread over tne 
left half. 

inoculated in a senes of parallel lines drawn at right angles to the 
gutter and running across it. Each line is composed of a different 
organism, inoculation being performed with a platinum loop or, 
more satisfactorily, with a stenle throat swab moistened with a 
broth culture of the organism to be tested. There is no objection 
to heavy inoculation when the antibiotic is penicillin. A number of 
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5-6 mm. m internal diameter) are slightly wanned in a flame and 
dropped on to the surface of the agar to which they adhere. 
Accurate dilutions in saline of standard penicillin solution are 
made so as to secure three dilutions containing 2 u., 1 u , and 0 5 
u /ml. respectively. The solution to be tested is diluted so that, as 
judged by preliminary trial, it contains between 0 5 and 2 u./ml. 



Fio 43 — Assay of PeNiaujN by Cup Plate Mehiod 

The four cups are almost filled with the four solutions of peni- 
cillin and, after being refrigerated for some hours, the plate is 
incubated overnight. Penicillin diffuses from the cups into the 
agar for a distance which varies with the strength of the solution 
and, where its local concentration is sufficiently high, the bacteria 
do not grow. The result is that, on the surface of the agar 
remote from any cup, there is a uniform growth of the organism 
but there is, around each cup, a circle of agar devoid of growth. 
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In early tubes in the series, no growth occurs: in later, normal 
growth. Somewhere between the extremes will usually be found 
a tube showing slightly cloudy broth, the tube before being clear 
and the one after quite turbid. We take as our end-point the last 
tube with completely clear contents. 

■ > More accurate results arc obtained by a closer scries of dilutions 

If, for example, 16 ml. of penicillin solution are added to 4 ml. of 
broth and, after mixing, 16 ml. arc transferred to the next tuk 
containing 4 ml. of broth, and so on, the concentration of peni- 
cillin in any tube is 20 per cent, less than in the preceding one. 

This method is sometimes modified by adding to the broth a 
fermentable carbohydrate (e.g. glucose) and an indicatorsuebas 
Andrade’s. The end-point is taken as the tube showing a slight 
pink colour after 24 hours' incubation. 


Determining the Strength of a Solution of Penicillin 
Since chemical methods arc not sufficiently delicate to permit 
accurate assays of penicillin, biological methods must be used 
A unit of penicillin is that amount of penicillin which has the 
same antibacterial action as a stated w eight of a particular sample 
of standard penicillin. Since there are four different penicillm^ 
(I, II, III and IV or F, G, X and K), since commercial products 
contain these in difTercnl proportions and since the activity ol 
each differs v/j-d-v/j different organisms, it is essential to define 
accurately the methods used to assay a solution. The basis is to 
compare the antibacterial effect of the solution to be tested and 
of a solution of known strength against a particular organism, aU 
variables except the penicillin solutions themselves being, ns far 


as possible, excluded. The test organism is almost ah'ays a 
particular strain of Staphylococcus known as the Oxford Staph}^0‘ 
coccus. Only two of the many methods of assay n-ill be described. 

1 . Cup Plate Method . — few millilitres of a dilution of a broth 
culture of the Oxford Staphylococcus are poured on the surface 
of an agar plate and then poured off. The plate is incubated for a 
short time with the lid supported above the bottom to permit the 
surface to dry. Four glazed porcelain cylinders (9 mm. high nod 
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5-6 ram. in internal diameter) are slightly wanned in a flame and 
dropped on to the surface of the agar to which they adhere. 
Accurate dilutions in saline of standard penicillin solution are 
made so as to secure three dilutions containing 2 u., 1 u., and 0-5 
u /ml. respectively. The solution to be tested is diluted so that, as 
judged by preliminary trial, it contains between 0-5 and 2 u./ml. 



Fio. 43. — ^Assay of PtNiauiN by Cup Plate Method 

The four cups are almost filled with the four solutions of pem- 
cilhn and, after being refrigerated for some hours, the plate is 
incubated overnight. Penicillin diffuses from the cups into the 
agar for a distance which varies with the strength of the solution 
and, where its local concentration is sufficiently high, the bacteria 
do not grow. The result is that, on the surface of the agar 
remote from any cup, there is a uniform growth of the organism 
but there is, around each cup, a circle of agar devoid of growth. 
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In early tubes in the series, no growth occurs: in later, normal 
growth. Somewhere between the extremes will usually \x found 
a tube showing slightly cloudy broth, the tube before being clear 
and the one after quite turbid. We lake as our end-point the last 
tube with completely clear contents. _ . 

' » More accurate results arc obtained by a closer scries of dilutions 

If, for example, 16 ml. of penicillin solution arc added to4m o 
broth and, after mixing, 16 ml. arc transferred to the next lu 
containing 4 ml. of broth, and so on, the concentration of peni 
ctilin in any tube is 20 per cent- less than in the preceding one. 

This method is sometimes modified by adding to the brol a 
fermentable carbohydrate (e.g. glucose) and an indicator sue a| 
Andrade’s. The end-point is taken as the tube showing a s 'S 
pink colour after 24 hours* incubation. 


Determining the Strength of a Solution of Penicillin 
Since chemical methods arc not sufficiently delicate to pe™^' 
accurate assays of penicillin, biological methods must be use 
A unit of penicillin Is that amount of penicillin which has 
same antibacterial action as a stated weight of a particular samp 
of standard penicillin. Since there arc four different pcnici i 
(I, II, III and IV or F, G, X and K), since commercial 
contain these in dilTcrcnt proportions and since the 
each differs vis-^-vis different organisms, it is essential to e 
accurately the methods used to assay a solution. The basis is 
compare the antibacterial cITcct of the solution to be tested 
of a solution of known strength against a particular organism, 3 
variables except the penicillin solutions themselves being, as ^ 
as possible, excluded. The test organism is almost ahva>s 
particular strain of Staphylococcus known as the Oxford Stop") 
coccus. Only two of the many methods of assay w’ill be desen 
1. Cup Plate Method — A few millilitres of a dilution of a bmt 
culture of the Oxford Staphylococcus are poured on the siiria 
of an agar plate and then poured off. The plate is incubated fer ® 
short time with the lid supported above the bottom to permit t 
surface to dry. Four glazed porcelain cylinders (9 mm. high an 
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the Other series. From this we calculate the strength of the solu- 
tion submitted for assay. 

Determining the Concentration of Penicillin in Blood and Other 
Body Fluids 

In the early days of penicillin therapy when penicillin was 
scarce, it was of great importance to determine whether penicillin 
could be detected in the blood of a patient at the end of the 
interval between two injections. Since penicillin is now easily and 
cheaply obtained, we do not purpose to describe any of the 
methods then used lest it should suggest that the aim in treatment 
should be to give the least amount which would produce demons- 
trable effects. We hold strongly that the dose given should be so 
large that, in a normal person, a high blood concentration will be 
present during treatment 

The basis of most of the methods employed was to withdraw 
blood and to test the serum in various dilutions for its power to 
inhibit the growth of either a Staphylococcus or the more sensitive 
Strep, pyogenes. 

We still occasionally require to know whether some other body 
fluid (urine, cerebro-spmal fluid, pleural fluid, pus) contains 
penicillin and, if so, how much. In such an investigation the range 
to be covered may be from a fraction of a unit to some hundreds 
of units per ml If the fluid is sterile, a series of dilutions of it may 
be made in broth (1 : 2, 1 ; 4, 1 8 etc.) and each inoculated with 
a Staphylococcus From the highest dilution which inhibits the 
growth of the organism and from the results in a parallel senes of 
dilutions of pcmciUin of knovm strength, we can deduce with 
sufficient accuracy the concentration of penicillin in the fluid. 

Another method is to introduce the fluid and suitable dilutions 
of It into cups or punched holes in a plate spread with staphylo- 
cocci. The dilution producing a bare zone with a diameter of 
about 20 mm , provided the zone produced by half this concentra- 
tion IS considerably smaller (about 15 mm), may be taken as 
containing about 1 u./ml. 

A third very simple method is to inoculate the surface of an 
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The diameter of the circle is proportional (although not directly) 
to the concentration of penicillin in the cup. The diameters of the 
bare zones produced by the dilutions of standard penicillin 
arc accurately measured and a graph ts constructed, the diameter 
of the zones (in millimetres) being plotted against the correspond- 
ing concentrations of standard penicillin In units/ml. Since the 
diameter of the zone produced by the solution under test is knoMn, 
Us strength can be read directly from the graph. The diameter of 
the zone produced by a I u,/ml. solution is usually 20 i 5 mm. 
For really accurate work, various controls must be introduced 
and many assays made, these being averaged. 

A less accurate method of assay docs not require any special 
apparatus such as porcelain cups. The plate is inoculated and 
dried as before. With a No. 5 cork*borcr, sterilised in the flame, 
four discs of agar arc punched out and removed. The cavities 
left are filled with the four solutions and the plate is incubated. 
The further operations arc exactly as described for the cup-plate 
method. The results obtained in such an assay arc illustrated in 
Fig. 43, The solutions in the four cups, formed by cutting out 
discs of agar, were as follows: 

2 u./ml. I u./ml. 

unknown 0-5 u./ml. 

The unknown solution was found to contain J -3 u./ml. 

2. Broth Method . — A scries of dilutions of standard penicillin 
solution is made in broth and a similar series of dilutions of 
the solution to be assayed. Every tube is inoculated with 
1 loopful of a broth culture of the Oxford Staphylococcus. After 
incubation, a tube which shows faint but definite turbidity in the 
standard series is selected and an identical one is sought in the 
other series. If, as usually happens, no exactly matching tube is 
found, the position of a hypothetical tube which would give an 
exact match is found by inteqiolation. Since the solutions of 
penicillin in these two tubes have identical eflects on the organ- 
ism, their strengths must be identical. We know the concen- 
tration of penicillin m the tube from the standard senes and hence 
we know the concentmtion in the real nr hvnofhetiCAl tube from 
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Methods Used for Other Antibiotics 
Considerable space has been devoted to the methods used in 
connection with penicillin therapy both because penicillin is still 
the most valuable antibiotic available at the time this is being 
written and also because they are special applications of methods 
capable of wide use. 

The other antibiotics to be considered in addition to penicillin 
are streptomycin, Chloromycetin and aureomycin. It is probable 
that the majority of the methods described in this chapter could 
easily be adapted to make them suitable for the investigation of 
these or other similar substances. 

Some attention must be devoted to the sulphonamidcs. The 
chief points of distinction between them and penicillin are that 
they are of relatively simple chemical structure and that they are 
stable. They can be identified and assayed by purely chemical 
means and there is, therefore, no need to use the indirect methods 
of assay which penicillin demands 
It is almost as important to determine, in the case of sulphona* 
mides as of penicillin, whether the organism causative of the 
patient’s iilness is sensitive or not Any of the methods described 
for testing the sensitivity of a bacterium to penicillin can be 
adapted for sulphonamidcs but attention must be paid to two 
points: (1) Most laboratory media contain sulphonamide antagon- 
isers; (2) The inhibition of sensitive organisms by sulphonamides 
IS greatly decreased if the organisms are present in very large num- 
bers. For all tests of sulphonamide sensitivity, the medium 
(whether broth or agar) should be treated to remove the sulphona- 
mide antagonising substances. This can be accomplished by the 
method of Harper and Cawston Horse blood (no other type of 
blood can be used) is collected in citrate and centrifuged. The 
plasma is removed and the red cells hasmolysed by the addition of 
an equivalent volume of distilled water followed by alternate 
freezing and thawing. To each litre of medium is added 50 ml of 
the hcemolysed cells and the mixture is incubated for 24 hours It is 
then steamed or autoclaved and filtered to remove coagulated 
protein. 
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agar plate with staphylococci and to dry as for the cup method 
Circular discs of about 1 5 mm. diameter cut from filter paper and 
sterilised are saturated with the fluid and dilutions of it and also 
with a solution of penicillin of known strength (e.g. 10 u./ml.) and 
dropped into the surface of the agar. The plate is then incubated 
Penicillin diffuses from the discs into the agar for distances pro- 
portional to the strengths of penicillin used. By finding a dilution 
of the fluid which gives a similar zone to that produced by the 
solution of penicillin of known strength, the concentration of 
penicillin in the fluid may be determined. It should be noted that 
this method is only applicable to fluids containing concentrations 
of penicillin higher than about 5 u./ml. 

A very simple modification of this method is to deposit a blob 
of pus on a plate spread with staphylococci. If, after incubation, 
the blob is surrounded by a clear zone, the pus contained 
penicillin. 


Culture of Fluids Containing PcniclIJIn 
If pus from an abscess locally treated \vith concentrated peni- 
cflVm is spread on a blood-agar plate, no growth may occur despite 
the fact that it contains living bacteria. A similar absence of 
growth may occur in a blood culture performed on a patient 
receiving large doses of penicillin. The explanation in both cases 
is that sufficient penicillin is present in the fluid examined to 
inhibit growth. To demonstrate the presence of living bacteria in 
such material, we must neutralise the penicillin present. This can 
most easily be accomplished by adding to the culture medium 
penicillinase, an enzyme which destroys penicillin. A considerable 
number of bacteria produce penicillinase. Among these arc 
various coUform bacilli, some strains of Proieus and of Pj. P>'^‘ 
cyanea and some sporing aerobic bacilli. A Seitz filtrate of ^ 
broth culture of one of these organisms contains penicillinase and. 
since it is sterile, it can be added to culture media Since peni- 
cillinase is rather thermolabile it should not be exposed to a 
temperature exceeding 50® for more than a few minutes. 
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BACTERIOLOGY OF WATER, MILK. AND SHELL- 
FISH 

Water 

Water is usually examined in order to determine whether it has 
been subjected to facal con tamination which, while not dangerous 
in itself, renders the wate r~Iiable~ to become the disseminating 
agent of various pathogenic bacteria, such as those of the enteri c 
feyej ;s and cholsra. The water mus*t be collected in a sterile bottle 
under conditions which will allow of the examination of a fair 
and representative sample. .U should be examined astresh as 
possible Immediately before being examined the bottle should 
be vigorously shaken for half a minute. 

Co^k* 5^ colonies resulting from the growth in agar of the, 
bacteria present m water are now rarely made for routine purposes. 
If they are required, I 0 ml. of the svater andT 0 ml. of a 1 : 10 
dilution of it in sterile water, each in duplicate, are added to 
melted and cooled agar and platw are jroured. One pair of plates 
is incubated at 37® for 2 days and the other pair at 22® for 3 days. 
The colonies resulting are counted and the result is reported as 
the number of colonies developed per ml. of water at 22® and at , 
37°, To avoid a spurious appearance of accuracy, the number 
should be stated as the nearest number with two significant digits. 

The 37® count is of more importance than the 22® count. It is 
impossible to lay down hard and fast standards, but it may be 
stated that a wat^r giving ris^ to mot e than 50 colonies per ml. ^ 
after incubation at 37® could rarely be approved and for some 
types of water as, for example, that from a deep well, a much 
lower count might give rise to suspicion of contamination. 

The majority of the bacteria present m pure water are 
accustomed to grow at air temperature and either not grow or 
grow with difficulty at body temperature. For” this reason the 
175 
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If the gutter or similar method is used to test the sensitivity of 
an organism to sulphonamide, it is very important not to inocu- 
late the medium heavily. ]f this is done, even a sensitive organism 
will grow right up to or possibly on the gutter. The culture used 
or inoculation should be so diluted as to produce separate 
colonies rather than a continuous line of growth. 

Since sulphonamide diffuses through agar much more slowly 
than does penicillin, when the gutter or similar technique is used, 
the plates, after addition of sulphonamide to the gutters, should 
be kept overnight before inoculation. If this is not done, even 
light inocula of sensitive organisms may grow up to the gutter, 
but not on it. 

When culturing blood or exudate from patients under sulphona- 
mide treatment to determine whether or not viable bacteria arc 
present, sulphonamide inhibitor in the form of p-aminobenzoic 
acid (PABA) must be incorporated in the medium. In view of the 
wide and often empirical use of sulphonamides in the treatment 
of undiagnosed fevers, it is desirable to include p-aminobenzoic 
acid as a routine in all broth used for diagnostic blood cultures. 
Since this substance is heat-stable, it can be added during prepara- 
tion of the broth and before sterilisation. P-aminobenzoic acid 
neutralises the bacteriostatic effect of many times its equivalent 
concentration of sulphonamide and 5 mg, per 100 ml. in blood 
culture broth and 8 mg. per fOO ml. in nutrient agar will be found 
sufficient for all routine purposes. 
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BACTERIOLOGY OF WATER, MILK AND SHELL- 
FISH 


Water 

Water is usually examined in order to determine whether it has 
been subjected to fecal cont amination which, while not dangerous 
m Itself, renders the water liable* to become the disseminating 
agent of various pathogenic bacteria, such as those of the enter ic 
fgya rs and cholera- The water must be collected m a sterile bottle 
under conditions which will allow of the examination of a fair 
and representative sample. .It should be examined as trcsh as 
possible. Immediately before being examined the bottle should 
be vigorously shaken for half a minute. 

Countj of colonies resulting from the growth in agar of the. 
bacteria present m water are now rarely made for routine purposes. 
If they are required, 1 0 ml. of the water and i O ml. of a 1 : 10 
dilution of it in sterile water, each in duplicate, are added to 
melted and co oled agar and plates arc poured. One pair of plates 
IS incubated at 37® for 2 days and the other pair at 22® for 3 days. 
The colonies resulting are counted and the result is reported as 
the number of colonies developed per ml_. of water at 22® and at . 
37° To avoid a spurious appearance of accuracy, the number 
should be stated as the nearest number with two significant digits. 

The 37° count is of more importance than the 22® count. It is 
impossible to lay down hard and fast standards, but it may be 
stated that a water giving rise to more than 50 colonies per ml. 
after incubation al_37® could rarely be approved and for some 
types of water as, for example, that from a deep well, a much 
lower count might give rise to suspicion of contamination. 

The majority of the bacteria present in pure water are 
accustomed to grow at air temperature and cither do not grow or 
grow with difficulty at body temperature. For this reason the 
175 
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number of colonies which develop at 22“ should be very .much 
higher ( x lOor more) than the number developing at 37°. 'A high 
37° count a n d the a pproximation of the two counts is very suggest 
tivc of contamjnatiorT. " ~ " 

More important than the total colony count is the estimation 
of the number of characteristically fecal organisms present. 
These are known as “i ndicator"* organism s, and the one most 
usually selected is B act. cofL For the enumeration of this organism 
wc use one bottle (with a tube inverted in it as in a Durham tube), 
five large and five small Durham tubes. The bottle should contain 
50 ml. and the large tubes 10 ml. of double strengthT actose btle '' 
s alt bro th. The smaller tubes should contain 10 mi. of ordmaly 
lactose^ bile salt broth. To the bottle, 50 ml. of the water to be 
examined are added, to each of the large lubes, W ml and to each 
of the small tubes, 1 0 ml. All arc incubated at 37° for 48 hours, 
and are then examined for the production of a ci^ and gas , which . 
ts taken as presumptive evid ence of (he of Bact. coll 

From the number of tubes showing a ‘positive presumptive 
Ba ct. coli result m the three volumes examined, it is possible to 
ascertain, by reference to McCrady’s ta bles (see Chapter XLVIII). 
the probable number of presumptive.ggcLco/f pe r 100 ml. of water. 

Bact coli is not the only lactose fermenting organism capable 
of giving a positive result m lactose bile salt broth and some of 
the other lactose fermenting bacilli, such as Bact, aero^e nes, which 
may be found in feces but more commonly gains access to water 
supplies from vegetation or the soil, are of much less sanitary 
significance than is Bact. coli. Bad. aerpscnes_is, however, absent, 
from a pure water and its presence in unusually large i^niber^is,^ 
therefore, suspicious. 

Three types of presumptive Bact. coli findings should be con- 
sidered separately — those in which so few are present that the 
organism may be ignored, whether it be Bact. coh or Bact. 
aerogenes, and the water passed; those in which the count is so 
high that, even if the presumptive result is due to Bact. aerogenes, 
the water should be condemned; and an' intermediate type in 
which the judgment on the \vater will depend on 'whether the 
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organism is, on.the one hand, Bact. coli or a related, probably 
fscal, bacillus or, on the other, Bdct. 'aerogenes or a related, 
probably non-fecal, organism. The report of the Ministry of 
Health fixed the levels at 2 and 10 respectively per 100 ml. — that 
is to say, a presumptive count of 2_or less should allow a water to. 
pass, while a count of 10 or more should lead to its condemnation. 

• B ^een 2 and 10 per 100 m l is the border l ine re gion. If a 
p resum ptive Bact. colt count between these levefs be obtmned it is 
necessary to isolat^he lacto se femienting bafitfuTand to estab- 
_lis h Us i dentity. This is done by platin^jTIoopful from each 
positive tube or bottle on MacConkey’^raedium, incubating at 
37^<Jr 24 hours and picking colonies for investigation. 
"'QnlyLbacilli which are r- — -- 

ge l^m hquetying need bc“ 
cqli: (1) produces jndole; ( 

inenl saccharose;_('^ gives a positive methyl red test; (5). gives a 
negative Voges-Proskauer reaction; (6) fails to grow in Koser’s 
medium. If an organism having these characteristics or, at least, 
Nos. 4, 5 and 6, with any one of the other three, is present to the 
exte’nfof between 2 and 10 per 100 ml., u should be regarded as 
Bact coll and the water should be condemned If the organism 
resfdhTible for the presumptive positive reaction differs in charac- 
teristics 4, 5 and 6, it may be regarded as . Boer, aeroseites , its pre- 
senc&_m ay.bgaRnored and the water passed There remain, how- 
ever, a difficult group of intermediates in which the characteristics 
are neither those of a typical Bact. coh nor of a typical Bact. aero- 
gena. As regards these the bacteriologist must exercise caution, 
giving a guardedjepoit which will tend to condemn when the pre- 
sumptive figure is near the upper level (10) and when the charac- 
tensiics incline towards those of Bacu colt, and to approve when 
the presumptive figure is low and the characteristics approach 
those of Bact aerogenes 

Since U is generally agreed that the presence in water of Bact. 
aerogenes, except in excessive numbers, is of little hygiemc signifi- 
cance, any method which would permit Bact. coh but not Bact 
aerogenes to grow m the tubes of lactose bile salt broth inoculated 
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number of colonies which develop at 22* should be very .much 
higher ( x 10 or more) than the number developing at 37°. ' A high 
37° count a ndjhe apt^oximation of the two counts is very sugges- 
tive of cojHamination. “ “ 

More important than the total colony count is the estimation 
of the number of characteristically faical organisms^ present. 
These are known as “ indicator"* organism s, and the one most 
usually sclpcted is Bact. cofL. For the enumeration of this organism 
we use one bottle (with a tube inverted in it as in a Durham tube), 
five large and five small Durham tubes. The bottle should contain 
50 ml. and the large tubes 10 ml. of double strc'ngthi actose bile ‘ 
s alt bro th. The smaller tubes should contain 10 ml. of ordin^' 
liKtose^bile salt broth. To the bottle, 50 ml. of the water to be 
examined are added, to each of the large tubes, 10 ml. and to each 
of the small tubes, 1 0 ml. All are incubated at 37° for 48 hours, 
and are then examined for the production of aci^andeas, which 
IS taken as presumptive evid ence of the p re$e^^ of Baci. c oli 

From the num’ber of tiibcs showing a ’positive presumptrve 
B act. coU resuUJ.n the three volumes examined, it is possible to 
ascertain, by reference to McCrady*s ta bles (see Chapter XL\'Jn). 
theprobablenumberofpre^umptivc^gcr, co//per 100 ml. of vvgtef. 

Bact. call is not the only lactose fermenting organism capable 
of giving a positive result in lactose bile salt broth and some of 
the other lactose fermenting bacilli, such as Bact. aeroRc nes, which 
may be found m fa;ces but more commonly g.ains access to water 
supplies from vegetation or the soil, are of much less sanitary 
significance than is Bact. coh. Bact. aerp^e/icsjsthowtver, absent, 
from a pure water and its presence in unusually large ^mbe^,^ 
therefore, suspicious. 

Three types of presumptive Bact. coU findings should be con* 
sidered separately— those in which so few are present that the 
organism may be ignored, whether it be Bact. coli or Bad. j 
aerogenes, and the water passed; those in which the count is so , 
high that, even if the presumptive result is due to Bact. aerogenes, I 
the water should be condemned; and an 'intermediate type i'’ 
which the judgment on the water will depend on whether the I 
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■nay be obtained as to the"cleanlmess of its method of production 
and the'care with which it has been kept. The most valuable tests 
are estiniations of the "nu mber of bacteria growin g , in agarTt^7° 
and of la ctose-f ermenting bacilli. 

The first estimation is carried out by platin g in agar 1 0 ml. of 
the jnilk and the same volume of ! ; 10, T : 100, 1 : 1000 and 
1 : 10,000 dilutions of the.milk in sterile, water. I f nothing i s 
known of the quality of the milk, it may be necessary to plate the 
undiluted milk and each dilution up to the 1 : 10,000. For a good 
milk, the plating of undiluted milk and of the 1 : 10 dilution may 
be adequate and for a bad milk the plating of the 1 : 1000 and the 
1 . 10,000 dilution may suffice. Where there is a legal provision 
as to the maximum number of bacteria permitted in a milk of 
designated quality, a single plate may give the required informa- 
tion. If, for example, the maximum permitted is’^§00,000 per ml. 
(as in Eire) the plating of the 1 : 1000 dilution suffices as, fiom it. 
It IS a simple matter to determine whether the milk contains more 
' ' incubated at 

• . • one showing 

'the dilution 

, at 37,^ from 

1 ^ml. of milk. 'It is usually stated as the number of bacteria per 


In order to estimate the n umber of lactose-fermenting ba cilli, 
t ubes of lactose bile salt fa pth_are_inoculated in duplicate with 
1 0 ml. of undiluted milk and of the 1.: 10, 1 MOO and 1 1000 
dilution of it in sterile water. The tubes are incubated at 37° 
for 48 hours. ^ 

The production of ^id and gas in each of a pair of tubes is 
taken to signify the presence in the portion examined of lactose 
fermenting bacilliyT he identit y or non- identity of these with Bact^ 
coll IS unimportant, since their source (the feces of the cow) is 
similar 

Since It has become an official method of milk examination, 
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would greatly simplify the bactcrioIogLeal examination of water. 
It IS now fairly well established that ^_^ac/. c oU (J.e. an organism 
^^^^„^isfying criteria 1, 4, 5 and 6 above) can g r ow at 44° . while 
Bact. aerogencs can n ot. If we incubate the bottles and tubes of 
lactose bile salt broth in a water bath at 44®, the development of 
acid and gas indicates, in the majority of cases, the presence, in 
tfie volume of water inoculated, o f Bad. coU o r of closely allied 
organisms derived from fxccs. 

Useful as the results of bacteriological examination of a water 
arc, they do not render o bsolete its chemical examination nor, 
above all, do they remove the necessity of a thorough topographi- 
cal investigation of its source. 

yThe examination of a single sample of water is of little value. 
v A poten tially_dangcro.us.wa(er may occasionally.give very good 
resuhs^ Bacteriological examinatron is most useful when tests of 
a given water supply are made r^psalcdly. Then a bacteriological 
standard for the particular \vater may be established and any 
unusual departure m an upward direction from this is an indica- 
tion of the access of new contamination. 

Membe rs of the enteric group of bacilli have'occasionally been 
/ isolated from a naturally infected watcr.'--^WiIson and Blai^ 
m^ruh i'is~most likely to be successful. One method is to m« 
equal volumes of the water and of the medium, melted, and cooled 
to 48®. and To pour the mixture into plates. Deep colonies of 
e nteric bacillLJn^this medium are black. Another method is to 
inoculate a liquid selective medium, such as tetrathionate broth, 
with the water and, after incubation, to plate on the surface oi 
Wilson and Blair plates. The cholera vibrio may be foundry 
converting a considerable quantity of thP w^er itself into the 
medium, by the addition of a conce ntrated so lution of peptp^^i 
the further stages being carried out in the manner described in the 
chapter on Cholera Very rigorous tests must be applied before a 
vibrio isolated from water is definitely identified as V. chol^ <^- 

Milk 

By the bacteriological examination of milk much informatioD 
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may be obtained as to the’cleanliness of its method of production 
and the'care with which it has been kept. The most valuable tests •- 
are estimations of the 'n umber of b acteria grQmng .iiragar_at_37° 
and of la ctose-f ermenting bacilh.. 

The first estimation is carried out by platin g in ag ar 1-0 rnl^of 
thejnilk and the same volume of 1 : 10, 1 : 100, 1 : 1000 and 
1 : 10,000 dilutions of the.milk in sterile water. I f nothing is 
kjiown of the quality of the milk, it may be necessary to plate the 
undiluted milk and each dilution up to the 1 • 10,000. For a good 
milk, the plating of undiluted milk and of the 1 : 10 dilution may 
be adequate and for a bad milk the plating of the 1 : 1000 and the 
1 ; 10,000 dilution may suffice. Where there is a legal provision 
as to the maximum number of bacteria permitted in a milk of 
designated quality, a single plate may give the required informa- 
tion. If, for example, the maximum permitted is s OO.OO O per ml. 

(as in Eire) the plating of the 1 . 1000 dilution suffices as, Hrom it, 
it IS a simple matter to determine whether the milk contains more 
than 500,000 bacteria per ml or not.v^he plates are incubated at 
37® for 48 hours and the number of colonies in the one showing 
nea rest to 20 0 is coun ted.-'This number, multiplied by the dilution 
used, represents the number of.colonies developing _at 3?_^from 
1 0 ml. of milk.' It is usually stated as the number of bacteria per 
I 0 m l., but t his is^inaccurate asjiot all the bacteriaJn.milk grow 
under the .conditions used and also many of the colonies_dcvelop 
not from one bacterium but from a chain or clump. 

In order to estimate the n umber of lactose-fermenting b acilli, 
t ubes of lac tose bile salt broth arejnoculated in duplicate with 
1 0 ml. of undiluted milk and of the 1 .l 10, T . 100 and I : 1000 
dilution of it in sterile water. The tubes are incubated at 37“ 
for 48 hours. ^ 

The production of ^id and gas in each of a pair of tubes is 
taken to signify the presence in the portion examined of lactose 
fermenting bacilli-^T he identit y w non-i dentity of these with Bact^ 
is unimportant, sinre their source (the feces of the cow) is 
similar 

Since it has become an official method of milk examination, 
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both in Great Britain and in Ireland, some account must be given 
of the methy lene blue reducUon_test, although this is not reallya 
bacteriological testand, in our opinion, can scarcely be considered 
even scientific. 

■ _ ^ The basis of the test is that a milk containing a large number of 
bacteri^ reduces methylen e blue to a colo urless compound more 
^ quickly than one with few bactcria, .but there is not a very close 
, correlation between thefiumber of bacteria present and the rate 
of decolorisation. 

To 10 ml, of milk in a sterile test tube is added 1 0 ml. of a 
solution of methylene blue. The tube is closed with a rubber 
stopper, inverted slowly several times to mix the dye with the 
milk and kepHn the dark in a water bath at 37“-38®. It is inspected 
every half hour and the time required to decolorise the blue' dye 
in all but the upper 5 mm, of the column of mijkJsjTOted. '/There 
arc various codes which specify the time during which milks of. 
designated qualities should fail to cause decolorisation. A goodv 
quality milk with a low bacterial count may require 7 or more 
hours: an inferior milk with a high bacterial count may decolorise 
! within 2 hqursrNot every sample of methylene blue is satisfactory 
for tHrs"tcst, Some chemical firms supply tablets of suitable dye 
from which the solution used in the test can be easily made. 

The Prescott and Breed method enables one, within a short time, 
to form an’cstimate'of the total number of bacteria present in a 
sample of milk. -'AjHde is laid on a piece of paper ruled in square 
centimetres. 0 01 ml. of milk is measured with a pipette on to the 
slide and, with a platinum wire, is spread evenly into a film 
covering exactly 2 sq. cm. ,The film is dried in air, treated with 
xylol to remove the fat and fixed in methyl alcohol. It is stained 
with an aqueous solution of methylene blue (not Loffler’s, in 
which alkali is present which loosens the film from the slide)._By— 
means of a mi cromet er slide, a suitable ocular and s uitable tub e 
cxten sion,_the dianieter of the_field of th e~mrcro scope iTarrange^ 
tq_measurc 0 01*6 cm. which gives a field area of O.OOOZ'sq. cm. 
pie film is then examined wth this combination and the average 
•liumber of bacteria seen in a number of fields is ascertained. 
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A clump of b acteria or a cl^in of st reptococci is counted as ^ne 
since, .by the.usual platingjnethods, either would give rise to only 
oire,Cij]QDy.\§tnce the area of the field (0 0002 sq. cm.) isJJlO.OOO' , 
of the whole film, and since 001 ml. of milk was spread in the 
film, the humber of bacteria per ml. will be (the average number I 
per field) x 1,000,000. This method is rapid, cheap and, on the / 
whole, reliable. Its chie f disadvantag es are that ifdoes not dis-- - 
tinguish llvmg'from dead bacteria and that, in, good quality milk 
(with less than 100,000 bacteria jjer ml.), a number of fields must 
be examined before any bacteria arc found, and hen^e the results, 
Avith such milk, are liable to be inaccurate. 

\ Th'e ordinary.dirt bacteria present in milk cause early souring, 
but a rcL-devoid of. danger to the human ■aduU,~afthou^inh'ey~* 
’ ' ' ■ ' ' ’ ‘ ;tor in the etiology 

_ . , • ' •* ... of disease in ~man 

may, nowever, g am access lo t ne niu K eii ner from th e. mili«r^ o r 
o THef*^r son h andling th e jnilk_ (enteric fever, dy sentery^diph- 
theria ^d'sc'aflet feve r), or from~the ( tuherculo sis and 
un dula'nt t ever).%The use of Wil^^and Blair’s medium or tetra- 
thldnatr broth should render it possible to ^olatfi-the^nteric 
b^lli/fom milk, but success cannot frequently be expected owing 
to the^lo ng incubation p eriod of enteric fever, a nd hence the co n-i i 
s iderable^ mtervaUbetween the contamination of milk and^ hej;' 


and Whether causing s carlet fever or_^ore tlmoatl by plating on 


c oiisuiiie is ui iiiiiK. M yco. lutteriui uiu is luutiu oy cemniuging, 
at 4,000 revolutions per minute for 20 minutes, 100 to 200 ml 
of the milk and injecting the deposit into a guinea-pig. After 
6 weeks the animal is killed and, if characteristic acid^and alcohol- 
fast bacilli are found in typical lesions, the tubercle bacillus is 
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reported to be present. For the detection of Br. a bortus in m ilk, 
4 ml. of whole milk should be injected subcutaneously into the 
thigh of a guinea-pig. Some blood should be removed after '3 
weeks and again after 6 weeks and the serum tested for agglutinins 
aci\n% on Br. abortus. AtitreofI : 40 may He taken as establishing 
the presence of Br. abortus in the milk. The animal should be 
killed in 2 months and cultures attempted from the lymphatic 
glands draining the area of inoculation and from the spleen. 
The best media are liver extract agai^ or agar containing 2 per 
cent, of glycerol and 5 per cent, of scrum. Cultures should be 
incubated for 7 days in an atmosphere containingTO per cent, 
of CO.,. 

fTha results obtained in the bacteriological examination of milk 
v ary enor mously. It is impossible under working conditions to 
obtain steriTc cow’s milk. .but it is quite possible to get milk con- 
taining not more than a few hundred bacteria per ml. with no 
lactose fermenting bacilli in I ml.Mf precautions to prevent access 
of cow’s fajces to the milk arc omitted, if improperly cleaned 
vessels arc used, and if the bacteria thus added are encouraged 
to multiply by keeping the milk for too long a lime at too high a 
temperature (for milk is a^cxcellcnt culture medium), we need not 
be surprised to find the total number of Bacteria many millions 
per ml., and lactose-fermenting bacilli present in 0 001 ml., as we 
may occasionally discover in milk bought in a city in the summer 

One of the most important resul ts achieved by the bacterio- 
logical examination of milk is Tn tracing the influence o f each 

nd 

Milk which has been properly pasteurised should not contain 
more than 30,000 living bacteria (i.e^hould not develop more 
than 30,000 colonies) per mf. and lactose fermenting bacilli 
should not be present in 1 0 ml. 

Since the majority of pathogenic bacteria likely to occur in 
milk are killed by pa steur isation (heating to 63®-65° for 30 
minutes), it is a mafter of considerable^ importance’ to'b'e'able to 



bacteriology of water, milk and shellfish 183 
determine whether a milk sold as pasteurised has been adequately , _ 

heattreated. 'Phosphatase, anenzymcwhichispresenlin freshraw , 

milk, is dest royed at a sli ghtly higherjemperature and slightly 
more slowly "tha n are the pathogenic bacteria of milk., 
phatase is foundTto be absent from a sample of pasteurised milk, it 
may bTassumed that the milk has been adequately heat-treated. . 

Other fluids may be examined in a manner analogous to that 
employed for water or milk, the extent of the dilution depending 
on the probable number of bacteria present. Sewag e, for example, ^ 
contains very much larger numbers of bacteria than does water 
and therefore the dilutions must be carried much further. 

Shellfish 

Shellfish ate examined to determine whether they ar£.ljkely to 


fore, taken, to indicate fxcal contamination and so potential 
danger. The examination should tell not merely whether cohform 
bacilli are present or not but, if present, their number. 

Unfortunately there is no generally accepted method of 
examination for coUform organisms. /The following is an outline 
of the method we commonly employ. Ten sjiellfish from each 
sample are tested...'The shells arc opened, the shell fluid discarded 
and the bodies transferred to individual beakers in which they are 
minced The volume is made op to a convenient amount, such as 
25 ml , with saline. During all these operations precautions are 
taken, by using sterile equipment and in other ways, to prevent the 
introduction of contaminating bacteria. Convenient amounts, 
such as 0 5, 0 I and 0 02 ml., of the diluted minced body of each 
shellfish are inoculated in du plicate into largc.tubes of l actos e bile 
s alt b roth which are incubated for 24 hours’f' Tubes with acid and 
gas after incubation are read as posUive.''^pqsitive result in both 
t ubes of a pair inoculat ed wi^ the same volurciejs taken as signify- 
ing the presence of coliform bacilli in that volume. So we can 
deduce, with a reasonable approximation to the truth, the number 
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of conform bacilli in each of the ten shellfish examined. With the . 
figures given above, a positive result in both tubes inoculated 
with 0 5 ml. indicates the presence of 50 or more coliform bacilli; 
in both with 0-1 ml., 250 or more coliform bacilli; and in both 
with 0 02 ml., 1250 or more coliform bacilli per shellfish. 

• Coliform bact eria other than those likely to be derived from 
human fmecs may be found in shellfish and, since these represent 
but a very slight potential danger, thdr presence may be ignored 
and attention concentrated on presumably fmcal types.^f suitable 
dilutions of minced shellfish arc inoculated into nu[d or liquefied 
solid media containing bile salt, lactose and an indicator and if the 
cultures are incubated in a water bath at 44®, the great majority of 
the lactose fermenting bacteria present will beTtecal Bad. colt." • 
There arc no universally accepted standards for shellfish but, 
while It is admitted that no shellfish intended for human consump; 
tion, especially in the raw state, should show the presence of as 
many as 50 coliform bacilli,^ it is suggested that the following 
provisional standards may be taken as a reasonable compromise 
between the ideal and the practical.-' A batch of 10 shellfish should 
be considered contaminated to an undesirable extent if more than 
7 contain over 50, if more than 3 contain over 250, or if more than 
1 contains over 1250 coliform bacilli. Shellfish which have been 
purified should give very much better results than these. 
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BACTERIA IN HEALTH AND DISEASE 

Bacteria are either _autotroph<; Hiving entirely on inorganic 
material) 'o b^li!&t£mtrQDhs (requiring organic material for their 
nutrition ^.. The medical bacteriologist is concerned only with the 
latter and, more particularly, with the limited number of these 
which are parasitic for man. Among the parasites some species 
are recognised as‘ j>athogenicYd isease producing), others a s tmn-' 
pathogeny:. The latter, which derive their nourishment from thej 
— secretions, excretions and waste products of the body are, despite 
their close association with their host, essentially saprophytes 
(forms living o n dead organic material ). No clear line can be 
drawn between the pathogenic and saprophytic parasitesi v/rhe 


non-pathogenic bacteria, there are some other species known a; 
facultative _jatbogens (happily described by Theobald Smith a: 
opportunists). T hese may exist in or on th e bod y fnr 

' ‘‘A-* - •-—j • , '.bejissues 


the b acterial fl nr-T itip humnn body. 

^ The skm is constantly receiving bacteria from the^ir or fror 
oGjects’wUh which it has come in.contact, but the majority o 
these do not grow on it because of the aBTence of suitable growt: 
conditions, tpew are capable even of surviving on the skin fo 
more than a very short time because of the presence of substance 
185 



irANDHOOK or IIACTrRIOLOOY 


which arcnbactcricidal for them. Within a few hours of being 
contaminated with Bact. coH, Salm. typhi or Strep, pyogenes, the 
skin can free itsclf.completcly of these foreign bacteria. Staphy lo - 
c occi a nd diphtheroid. bacilli arc much more capabl e of surv i ving 
on thc_ skin and may. in fact, be regarded as constituting the 
normal skin flora. The staphylococci of the skin arc mostly'of 
non-pathogcnic varieties. Pathogenic staphylococci usually die 
quickly on the skin, but the skin of some persons is devoid of the 
power to kill Staph, pyogenes with th^csult that these persons 
become earners that organism. vTncjMnjuactivaljsacJias con- 
sidernblc^islnfccting powers so that, unless it is abnormal, few 
bacteria are to be found in that situation. It is. the refore, wise, 

i before an operation q n thc^cyc is-pcrformcd_to.cullurea.con- 
junctTval swab_on_blopd-agar and to postpone operation if 
Streptococcus/yogenes, j>ncumococci or StaphyloyoccJis pyogenes 
ar c found: d iphtheroid blia]ir^m^’'bc‘ Ignored as may also 
stanliyloc occi of n on-pathogcni c variet ies. 

Tfic nostrils seiwc as a.filicf.for. the-inspired air, and so the 
bacteriaof this rc^on represent the bacteria of the air and include 
many varieties of coccuind bacilli together with yeasts and spores 
of fungi. Healthy earners o f Stanb. pxogeM s usually harbour the 
organism in the anterior narcs. The further uc proceed from the 
exterior, the fewjjrlind more constant arc the bacterial species 
encountered, ^fbo utihe throat . in_tlic_prcscncc of no obvious 
signs of disease, rt6nThxmoiytic_Strcpto.cocci, caiarrhalis and 
staphylococci very commonly occur, whil^ pneumoco cci and 
FriedlUnder’s bacillus arc imt infrequent. The deeper port i ons of~ 
respiratory 'tracOhcJin« bronchioles and the aJ\eoli of the 

omplicating 

"" " 'completely 

healthy. About their junction with the gums we commonly find 
nort-hxmolytic-streptococci, various spi rochxtes and lact^bacilli- 
The a^erUary.trac^rcsents a highly_£omplicated flora and. 
a point which can hardly be over-emphasiscdT'qnF^fiicfTjs^ com- 
paratively easily altered by changes in diet and other factors. The 
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contents of the healthy s tomach are practically st^nle, js are also 
those of the duoi^num, owing to the presence of_hydrochloric 
acid m the gastric secretion, but the i ntestine .con tains an enor- 
mous number and variety of bacteria. It has been calculated ' 
thaXaa-adult excretes imthe f;eces>about 3 LH -iv OacteTTa daily, 

E ajciiri (chiefly Cl. perfrineen s'i are almost always present. The 
relative proportions of the various organisms are subject to great 
variations, and it is fallacious to ascribe any’jetiological importance 
to quite wide departures from the normal, although this is fre- 
quently done.'^By the consumption of sour milk, together with 
excess of lactose, the intestine may be implanted with L. aetdo’ 
pitilus and the fecal picture transformed from one predominantly 
Gram negative to one having the majority of the bacteria Gram 
positive. ^T he closely * ‘ * 

which are frequently . _ 

a condition the very • • 

become implanted in the intestine as doesL. acidophilus - The feces’ 
of breast-fed infants contain chiefly Gram positive bacilli, the 
most important of which are L. bifidus and L. acidophilus. 

tes, variou s Gram )ysi- 
tiv „ s pirochtetes a re found 

Fe ' i " urine in the bladder is 

sterile in health V The reaction of the vagina is distinctly a cid, and 
D oderlein’s bacillus, an organism prnhnhiy-ideivi>MLI^»th-r- 
aci dophilus, IS common; Bad. colt, fecal strentpcocci and many 
other varieties ot' bacteria can, however, exist there without 

obvious morbidity. The interior of the uterus and tubes is sterile. 

This brief review will serve to indicate the m^bers and 
varieties ' ' • ' '.* • 

which V ■ 

asth^ ■ ■ ■ ' 

Some of the inte stinal bacteria , by synthesis i ng vitamins of group 
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B, may even be bencficialv Wfien. howe YC trthe y ^ ui iij i g -e s sfoun- 
acCustomeH tissues, whether as a rc^ult.of.mechanical damage to 
the protcctiw layer of skin or mucous membrane or of imperfect 
h*atrition,~mtcrference with blood supply or o'ther conditions, they 
beh'a ve a s~pal h crge hs .""So Bact. colij^ a common cause of peri- 

t6nTtis,’cystitis arid^i^.’''*'* f*' —t — j 

/mouth streptococci of ; . 

( t he type of disease pr. ‘ ^ : 

due to tjie frankly pathogenic organisms, is not, as a rule, infec- 
tious.^ hc commens al organisms~ ^re,~1n fact, almos fjxcl usITel y 
pathogenic f<^ the host on \yhom th ey hve. and consequentl y play 
an important part as secondary invaders in disease du e to othe^ 
causes whether bacterial (e.g. tub'ercdlosis'onhVIun^) or meta- 
bolic (e.g. diabetes). 

The strict.patjipgens appear to have as their^ief function_^£ 
production of disease in man and animals, /Whenjhey reach a 
su itable host t hev-multiplv-in-hls body, producing m_it their 
characteristic .disease.and escape jQJheJjDdy-fiLanother.victiin 
We may first consider the methods by whic h t jTese organLsnTs 
spread from host t<LiiQSt.and.Jh6 £routg bv wh ic h'^e b d3y is 
invaded. In temperate clim at es the majori ty of epi demic and_ 
'endem^ diseases’ispread directly or indirectlyJmnuincnvidual to 
individuak The infecting person may h imselLbe^u5ering-from 
the disease or he may have recovered .fromjt and yet still harbour 
the causative organism, in which case.he is a ^carrier ”. The Term 
carrier'fs not altogether a satisfactory one since the important 
thing, in connection wth the spread of disease, is not whether a 
person carries a pathogenic'organism somewhere within his body,'" 
but whether such an organism leaves his body_constantIy or inter- 
mittently and so becomes_ capable of infecting _oth_ers. For this 
reason the alternative terms "excreter” and “shedder” have been 
suggested, but neither has yet gamed wide acceptance. The carrie r 
co ndition is always present during convalescence bu t is not muahy 
o f long dura tion, th e org anis m bein^ timi nat'ea soon after healj h 
h as be en regained/ ^ some cases, h owever, the organism, norm- 
, ally pathogeniQ^juay-becoiiiejnerely parasitic,on the particulaj 
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other^./T he carrier state may c ontinue for y ears and, as a resu lt,*^ 
many e pidemic and endem ic diseases— typhoid lcver~and diph- 
theria for example — are difficult to stamp out, y^ t occasional ly 
happens that a strict pathogen may be present in the body of an 
individual for some considerable time before the disease develops. 
In such cases it is possible that all the conditions necessary for 
invasion liave not yet been fulfilled.-^ Such a person is spoken of as 
a precocious carrier a nd is a'^nger to others as well as to himself. 
It is also found, during an epldemic,~that some persons harbour* 
and excrete the organism for a time without any obvious signs or 
■ symptoms of the disease, then or later. 

TheJbacteria.oLyiruses. causing many of the commonest infec- 
tious diseases, such as diphtheria, scarlet fever, measles and tuber- 

/•iitneic ^frTinT+ fTrtm t., 


bacteria. A vigorous sneeze may ex pel as manyji^l 00,000 bacteria- 
car rying particles The larger of these soon fall to the ground, but 
somci^uO oCth^maller may remain suspended for.morc.than 
30 jnmutes, traveUing during this time for a considerable. distance 
through the air. Before they reach (he ground, the" water which 
some of these droplets contain may evaporate leaving*bacteria. 
together; with proteins and salts^ju-droplet-nucleL whlclTmav 
^ ----- - -- --7- -T— 

im 

, ' . . .:or 

render transfer in this way particularly likely*.*' Larger drops may 
fa ll to the ground and become dry, and the%acten a~may lie ii 
thcilust, for a longer or shorter time, until stirred up bj^ wind o' 
a misdirected desire for cleanliness which expresses itself by dry 
^weeping of the floor .^ hen the bacteria are inhaled wi th Ihe-dus 
and another vict i m_secured . In hospitals, by the use of masks, wi 
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minimise the risks of transferring infection by droplets and, by 
oiling floors and bed clothes, we control the spread of bacteri a- 
bearing dust. 


were broadcast chiefly by <itppiiVg,'in-u/hiclv4beJQfected 




or i ndirec t contact between the p ers on harbouring the org anism 


I 



hands which convey the organisms of puerperal sepsis from 
case to case. 

The next group, a very important one, consists of the diseases 
in which the organism is transferred from individual to individual 
by the intermediary of a bl ood-su clfing insec t. ’Twhus, spread by 
the louse, tick or mite,’plague by the rat flea and”^eeping sickness 
by the tsetse fly, will serve as examples 
Lastly, we have to consider th ose diseases which occur inJ he 
lo wer animals as well as in man and are co mmonly s pread from 
th e fo rme r to the latte^^^fel ^ from the dog.'anlhrax from_the 
s heep and glanders from the horse are sufficient to demonstrate 
the importance of this group. , 

Certain diseases such as diphtheria, typhoid fever and gonorr- 
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due to invasion oflhe body bv one of sever al types of in fluenza 
virus.^It s effects are rendered much more serio us by_cbncoinitant 
infection with.if. influemtr, pneumococc i and other bacteria. In 
the comparable disease of pigs, swine influenza, there is a similar 
association of a virus and a bacterium of the genus Hamophtius , 
The Clostrid ia which have little ability to establish thems elves i n 
h ealthy' tissue~h'avr'th'e^av ~prepare<rT<5r‘thenr b'v~various ty pes 



J . 


Cl 

degrce_of pathoggDicity_aod jnterfefe_buUjU]e_withJieaHng In 
the absence of sati^wtory ^aimcnt.Aihese. are Jbllowcd. within , 
a fev^days^-by.the chief organisms of sepsis— S’tflp/i. pyogenes and 
SfrepvAKOgCTUS — which, without appropriate treatment, may per- 
si^ for long periods in the woundc^t |n minnrity^nf— 


ceptible. Each of these factors will now be considered. 
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b^terium by determining i ts min imum lethal dose (M.L.D.). 
whicli is the tallest number of the bactenTot the smallMf^lumr" 
of a broth culture of them which kills all of a number of similar 
experimental animals into which that amount is injected, v^ince 
the re^ismnce £f individual animals varies considerably, a very 
large number of~animals is re^ircd"fb^etennine’ the M.L.D. 
with any degree of accuracy. A more satisfactory way of express- 
/ ing v irulence is as the L D 50, that is the numbe r_of bacteri a or 
volume of broth culture req uire to kill 50 per cent , o f the animal s. 

( /There is_ a reciprocal relationship^etweeojjrulence.and dose-... 
When_viru lenc e is hi gh, an excceding ly^inute.dQsejnay.causea 
f atal infectio n:. when virulence is low, the dos e_must-b&-mnch 

larger. 



3. Avenue of Infection 

This is occasionally of considerable importance, especially for 
t hose organisms of slight aggressivene ss.v in some cases an orga n- 
i sm can only produce its characteristic disease bv actinp on some 
yde ^nite tissu e in the body. The cholera vibrio and dysentery 
bacilli act almosf entirely on the intestinal tract and, when 
injected subcutaneously, do not produce intestinal disease. The 
gonococcus can enter the body only by the external genitals or 
the eye. 

4. Defence of Bacteria 

Pathogenicity depends, to a considerable extent, on the ability 
o f bac teria po ssessing it to p rotect the mselves ag ainst their h p^s^ 
defensive mechanism. They do so, in some cases, by’bapsides_ 
which impede phagocytosis and, in others, by the production of 
^ substances which kill leuco(qrt cs.y Some t ypes of bacteria , faced 
wUh the dajiger represent e_d~Ev their host’s antibodies, can pro- 
duce alternative form s not s usceptible to the action of these 
antibodies . The'«piroch$tes of'reiapsing lever otter an excellent 
example of this. At the t jme of crisis the serum of the patient is 
actively destructive to th^ sdsfing' spirochetes, and yet he may 
suffer from a senes of relapses. In each of these is found a sero- 
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i logically distinct strain of spirochatc produced by the few sur- ’ 
^vivors, a nd these are not acted upon ^^ntibodies already^ 
developed. The gono_coccus and tubercle bacillus illustrate 
a^nother'Hefence of the parasite They are killed in the animal body 
by sulphonamides and streptomycin respectively but^if the dose 


series or~normal untreated animats._they retain this drugTast 


rendering useless these very weapons. 

5 Suscep .bility of Host 

Susceptibility is the reverse of immunity, when one is high, thg 
other IS low. The question will be considered m greater detail in 
the chapters on immunity. 


When these five factors, which we have consideredyare in 
favour of the invading bacteria, infection occurs and the bacteria 
grow in the tissues of the host It is natural to ask how do they 
injure the host, how do they cause disease?* ^acteria m the body i 
absorb food materials destTned for the nourishment of the host’s* 
tissues and, by^cumulation, act mechanically as foreign bodi« ^ 
It is not likely that in either of these ways serious damage is 
inflicted. y' ^ 


on the tissues of their host by bacteria is probably due to their 
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r orcign pry tcin and .their p roductsj)Ldigest ion,-thc grea^r part 
is due to thcir^roduction of poisonous substanc e^ call e d joxias. 

Formerly a sharp distinction was draWTi between two classes of 
-" Joxins — exotoxins and cndotox ins<«/Thc former were believed to 
be s ecretio ns of tjie growing bacteria, as they \\erc found in 
.. filtrates of broth culturesiti lhe lat tc Tvv^e suppo sed to be con» 
'^taincd within the bacterial bodies and to be liberated only by 
) t heir dlssolutioni^ Wc do not now b clicvcLthaLaJl-exotoxins are 
secretions for, in some cases {Cl. tetam and C. iliphtheria), little 
toxin 'is found during thc.phasc of active growth, and it may 
increase markedly while thc.immbcr.o£Jiving bacilli is decreasing, 
and while autolysis Is in progress. The two terms can, however, 
be conveniently retained so long as it is realised that there is no 
very sharp dividing line between them.'^ Jn general, exotox ins are 
active in very minute d^s, endotoxins retire la rge~gb^Md 
produce their cfrccts.\*^e maj ority of exoToxlns exer t some 






given volume of antitoxic serum can render non-fatal 100 lethal 
doses of exotoxin, twice the amount of serum will neutralise 200 
f lethal doses, Vwith endotoxins, hoivever, while a certain amount 
/ of antiseru m may p r^tecTagainst 5 lethal dos es of end otoxin, ten 
[times thaL-amount may-fail -to neutralise even 10 lethahdoses. 
^he number of bacteria known to produce definite exotoxins isl 
small, but newer cultural methods have revealed thC^roductioii/ 
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of tvpjcal exotoxins bv some organisms, such as staphylococci and 
streptococci, formerly believed not to produce them. ^ ^ 

T he poisonous substances produce d by bactena'lirst act loca lly, ‘ 

‘ ' . >e 

' ' il 

parts of.the body where they m ay affec t various tissues ^n almost 
a ll infections, the brain cet 
b eat and respiration are aff 
'• produced.^-y begeneration o r^ 

in the nefvous system, causing paralysis, or in various organs of 
the body such as the heart, where the muscle cells arc affected, and 
the kidneys, adrenals and liver, where the seci^ting cells in par- 
ticular are injured further evidences of the ^neral effects of a 
primary, local lesio mare seen in the a lterations produced in the 
circulatinc blood (angmia. leucopenia. polymorphonucl ear j euco- 
cytosis, mononuclear.leucocvtosi s for example ).^ . 

The type of local lesion varies with the species of bacte ri um, its ^ 
•'Virulence, the lusceptibi li tv of t h e ho st and the^ particufa r tissue j 

/Tb., ♦b^ ^ 


host. The effect of the latter is often niorc ’obvious to the patient^ 


may be fi brinous, catarrhal, ^lemorrhagic, membranous or puru- 
lent The local lesion -may remain strictly localised (c.g'!' a boil) , 
or may be of a spreading character (e.g? ccllulhis),-^Jie bacteria 
making their way rapidly through the tissues,^ aided by the 
-'h valunonidase or other spreading factor produced by them^hey 
may spread to remote parts of t he body bv m ea ns of such natural 
channels as the ureters or bile ducts, by thed ^phatje s or by the 
blood streamyt t is proba* _'_ ’ ^ _ 

invaded_ by bactena '^Vhe ... 

befs (a~few per ml) and , . ^ 



IIAN'nnOOK Ol nACTI RIOl.OOV 


v^nacten^ia. 


. nnctcnvm b. When b acte m arccom tantlv-prcscnt in the blc^ in 
large nunihcn. (up to sc^n^luindfcib pconU-lhc term ^pti- 
cxmin^ s'nsctO t ispossthle that, in scpticrcmu, Ih^acteria may 
actually be multiplying in the circulalinftJdood.^^vjcmia is the) 
condition resulting from the detachment of portions ot a t hrmnbu? ^^ 
containing’ pyogen ic hactc 'r^tTnd'r^s" cells. -^Thc_portions Iq^c] 
in remote capillaries u here they came the dcsclopmcnt of meta- 
5tatic.abs ccss ci.-. The lcrm'(m.tmia implies that bacterial toxins 
(vs ilhoul the bacteria themselves') arc present in the blood stream. 

We have dealt in this chapter with the vvaysjji which bacteria 


It will be obvious that there a rc two chief groups of methods by 
y which the spread of infectious diseases may he checrc'dr^Thelirst/ 
is of n general nature and aims ai preventing thc''ca’uul organisms 
from being conveyed from eases or carriers to fresh individuah 
(isolation, disinfection, disinfesta’iion, protection of water ord^ 
food supplies),*! The second is personal In character and attemgis 
to increase the individual’s powers of resistance by some methed 
of immunisation. 



CHAPTER XIV 


INTRODUCTION TO IMMUNITY 

v/ 

By immunity we mean the power wjiich the animal body h^ 
t o fesist the ^ction_of organic fo reign substances , actually oj;^ 
potenti ally harm ful. T he_^rm is frequently rcstncted to resistance 
against micro-organisms and thei^products, and it is with this 
aspect of immunity that we are chiefly concerned. 

Immunity is of two main type s — that which the individual 
possesses by virtue of his ^C onstitu tional ai^ gene tic i ^ke up 
(innate or basw ) and that which he ^cquires durmg the course of 
his life (acquired). 


body of chemical substances called Antigens which do not 
normally occur there. • Antibodies combine specifically wi th the 
a ntigens the presence of w hjch stimulated their production. The 
antigens with~whlch we are chiefly concerned a re those p res ent in 


another animal^ which Jiad been actively immunised, [ /^ach.of 
these varieties may be either artificially or naturall y acquired. 

Innate or Basic Immunity 

In the last chapter we saw that, while the majority of bacteria 
were saprophytes, quite innocuous to living animals, some were 
stricLoriacuItative.Dathogeos,^capable of producing disease once 
they had'cntcnrdihe trody.' Wc must now consider the ^fences oT 
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the body which tend to keep bacteria from entering the tissues. 
y The chief of these is the i ntegrity of the investing layers of ep i- 
thelium — skin and n iucous_membrane.*^So long as these are intact, 
they ofler an almost complete ba rrier t o the passage of bacteria. 
^It is chiefly as~;i result of trauma that jacteria effect a n entry 
inr ^h e body^^hc de gree of trau ma necessary varies with differ- 
ent bacteria; it must be extensive m the case of cl. tetan'u but the 
sligfitcstTufliccs with Tr. paUidum /Ncxi wc have th eLva rious s^ re- 
^ ti ons an djixe retions whi c h bathe the skin and mucous membrane s 
— sweat, tears, mucus.. saliv a, gastric and intestinal juices and 
uripe, T hese.actjnccbaiiicatly .by..iViis hingj)jtbact eria.ivhich have 
adhered to thc-surface-and.'in the case of some of the mucous 

membranes, are aided_t ' ' ‘ 

directing bacteria asva> ^ . 

t the most i mportant is p 

action'is assisted by the presence of a subst ance— Lysozyme— 
which is cap able of kilting an d dissolving c crtairu-bactepa. 

’Tu... <<• n" «i-A iirini* 

deg ree of acidity of gastric jui ce, ivhich almost completely destroys 
bacteria'in''th'crTtomach. • ff t^ secretion of JiydrochIoric_acid — 
ceases or is dirnTnished, there is a great increase in the number of 
bacteria found in that organ and also in the duodenum. 

There is reason to believe that Uie effectiveness ofthesemechani* 
cal means of defence may be influenced by dlet^It is found that 
lacTc of vitamin A I ncreases' the liability of experimental animals 
ta' bacterial disease, chiefly of the respiratqry__an^aHmentary 
tracts. This is possibly due to l^terari ons in t he mucous mem- 
■ braoes , whereby they become more pemi e.ible-and less activejP 
secreting_mucus. I t has also been observed that guinea-pigs fed 
on a diet deficient in vitamin C are particularly susceptible to 
infection by the pneumococcusT"' 

Despi te the barn'ersoutlmcd.a bove, invasion does occur , prp^ 
ably quite commonly, but 'ever y invasion^ do es not lead to an 
iDfection."^Once the skin or mucous membrane has been passed, 
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th e bacteria find themselves e xi>osecLtCL.the action . o f.the. t issues- 
an djtissu e flui ds which con tain Isozyme and a numbe r of oth^ 
^u bstances J niuriau£j Qjhein . These , however, are capable of] 
killing pnjy_a minority of the bacteria liable to enter the tissues.) 
✓ The defence ofjhe body against .inva ding bacteria depends mainly^ 
on phagocytic cells, that is cells which _are.capable-of ingesting 
an d kil ling b acteria . Two types of phagocytes are recognised — 
y rna n|-pphages^nd^crQDhages. The former are the cells of con- 


nective tissue, whether fixed or fre?, and the latter are the poly- 
morphonuclear leucocytes. As will be explained later.'these cells 
have very limited powers of ingestihgTia^teria until the latter 



j If these dangers have been passed, infection may re sult.pro- 
vided the bacteria possess suflicient virule nce, are present in 
suificient^umbers^adjrv.Q^iutable.ds5ue, points already con- 
sidered. A^irulence for one ani mal d oes not, however, mean viru- 
l ence f or all, a nd in that li es one ot..th e greatest myMenes of n atura l 
ii mmunity . We are realty quite ignorant of why syphilis, gonorr- 
hoea, and cholera are exclusively human diseases, or why glanders 


action of the t oxins of the orgamsm s,_as is the case with the ra^ 
whichTs almost unaffected by very large amounts of diphtheria 
toxin ^en lalhe same species there are_curious inequal ities in 
susceptibility in different races as, for example, the^' ^elat ive im-| 
munity of Algerian sh^ep to antl^j^ Some of these, as the ex- 
treme seventy of.measles in abonodml tribes, are probably due to 
the la^ ofinhented immunity.l ^stly, it must be recognised that 
yt he va rious tissues .of_t he_ body are not equally s^ceptib le Jp 







INTRODUCTION TO IMMUNITY 203 

rationale of all the methods used is the stimulation o f th e produc-_ 
Don ol antibodies by the intiodgction into the bo dy of antigens, 
present in micro-_organisms. living or dead, or in the toxic pro ducts 
of their metabolism 


was inoculated into those desmng protection. The result was the 
development of smallpox often, but not necessarily, of mild type. 
Since, at that time, almost everyone suffered from smallpox, it 
was thought preferable to run the risk at a selected time with a 
^ild form of the disease rather than to wait for* chance infec tion. 
Although the process of inoculation was artificial, the disease 
produced was smallpox_and thejmrnunity whicH ToIlowedJvasT 
ide ntic al with that following the naturally contracted diseasCj. 

The next advance was due to Jenner who discovered that the 
disease of cattle known as cowpox or vac cinia was transferable to 
man.and'that its occurrence gave protection against smallpox.' 
|It IS probable that the organisms of the two diseases were originally ' 
^Identical and that that of vaccinia has become modified by passage 
through cattle Th e*^mmunit y against smallpox afforded by 
vaccination may, t herefore , be regarded as *6ne produced as a 
res^^ thTactidn of a living virus modified by passage. j 


thi s method must be regarded as impractica ble. 

This difficulty was overcome by Pasteur who discovered 

. ... .. . .< 

continued cu lt urejn _o r dinary .media.aLorduiarv temperatu re and 
culture for_shorter periods either in unsuitable media at ordinary 
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m unise d^^erspn,.the-latt er bey o mesJnim une. « Since he has nnt , 
''Ommunity^iis im munit y-is^ 
_ _ __ ./. • / immune to a disease some 

, ' .• * ) her chil(^The antibodies 

in her blood may pass from her circulation ty that of the child 
before its birth by way of the placenta or Mfter-birth, may b e . 

J... u, ;i«. *!._ fp, ct frnm whidl 

■ ' ' • beings the placental 

' ^ , •, le lower animals the 

greater portion of this traj}sfcittd4mm«nity passes by the milk. 

\ ^ CJiimbodies arc jibs orbed-fronuhe-intest in e onlv-for a fe wjjays 
' a fter birth . Later the mucous m embran e of the-intestine presen ts 
^ ' . These are examples of 

*• _“ nimal, either naturally or 

artificially immune to an organism or a toxin, is injected into a 
human being, the latter becomes passively immune. This is an 

yT ■ ’ ■ noeduca- 

uce^rwdy 
• H/ffyectcd 

Jy' ' ■ • , , • ■ his b'ody- 

. • , , • ' ” ly and the 

I person is no more immune than he was before^the serum was 
injected. 

Active immunity is slowly produced but is of long duration. 
Pa^ve immunity is rapidly produced but is of short duration. ^ 


chjeflv in Jbe_treafme nt of discas i^.and -part}'cu}arlyoh~a^^^ 
diseases du e tQ_the-lQxins.of bacteria^rather than_to.the bactena 
t hemselves . 

Students often find it difhcult to distinguish active and passive 
immunity but they must realise that a true understanding of the 
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'clifferences in method of production, rapidity of development and 
■^duration of effect is essential as a basis of scientific medicine. The 


following diagram may assist them in memorising the essentials. 



NATURAL ARTinCIAL NATURAL ARTIFICIAL 


1 By attack of 1 By injection 1. From mother By injection of 

disease of living via placenta. blood, plasma or 

organism. serum of an active- 

ly immune person 
or animal 

2 By repeated 2 By injection 2 From mother 

sub-mfective of killed via milk 

doses of i^ganism 

organism. 

3. By injection 
of toxin Of 
toxoid 


Requires education of cells, thus No education of cells required, thus 
slowly produced but of long rapidly produced but of short 
duration duration 




CHAPTER XV 


ANTIGENS AND ANTIBODIES 

*y.The phagocytic cells are l aobablo he most i mportant^of the 
body’ s defenders bu t these cells , without the assistan ce of sub - 
^anc es_in _the plasma , a^ejilmqst powerless to attaclTinvading 
bagleiid. Plasm a, on !he other hand, without the help of phago- 
cytes, ha s some innate powers of destroying bacteria. 

When a specific immunitjL is developed against a particular 
bacterium, '^he phagocyte s do not increase in numbers o r acquire 
^ fresh powers ^lLt~th'Fprasma undergoes changes by virtue of 
wHicE’its capacU)'' to'destroy the bacteria directly, to render them 
I more easily phagocytosed and to neutralise their poisonous 
'I properties, is greatly increased. y 

The science of immunology is largely concerned with the srigin 
and nature of the changes which occur in the plasma of an 
animal as it becomes immune. 

^ Despite the number and complexity of the substances found in 
them, the chemical composition of the tissues of the body is 
wonderfully constant. If any unwanted substance should gain 
entry to the tissues, efforts are made to remove it as speedily as 
possible. Simple substances are removed from the site of their 
introduction by the blood and lymph and are eliminated from the 
I body by the kidneys./More compleiLsubstances, and particularly, 
i^those_with large molecules , are removed from the fishes in the 
same way but they cannot be so easily eliminated from the body. 

I For their disposal a different technique is call^ into play. This 
\ is the elaboration of a substance which can combine chemically 
or physically with the intru deL^If the latter_is toxic, the_newly 
developed substance may be regarded as neutralising it and so 
' ^ miti gating its poisonous properties, ybut-even if it is entirely 
T,' inoffensive a corresponding substance is developed against it. / 
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The foreign substance is called ajr^ntigen and the substance 
produced against it an Ant!bodjr>^nantigen might be defined as 
a c hemical substance which, when introduced into the tissues o^' 
living animal, gives rise to the production of an antibody anit^ 
antibody, as the substance produced by the tissues of a living 
animal when an antigen is introduced into them. These defini- 
tions are not entirely adequate. Wccan recognise that an antibody 
has been evoked by a particular_^ligcn only if it interacSuTsome 
demonstrable way with that antigen and not with any other 
antigen. The essential p roperties of an antigen are, therefore: 
1' The ability to stimulate the production of an antibody and^2> 
The ability to react with that antibody in some demonstrable 
fashion. These properties may conveniently be referred to as its 


ances of high molecular weight 
into which they are introduced. 
The majority of antigens are proteins, but certain other substances, 
including some polvsa cchand e4.^d polysacchande-Iipojd coin* 
k plexes, are capableof acting a s anti gen^ Some proteins, including 
gelatin, are not antigenic, either because of the small size of their 
molecules or because they lack some essential chemical group 
\J* A considerable number of substances of small molecular weight 
act as Partial Anti gens_or_Hapteps. A hapten is not regarded as^ 
a complete antigen because it does not, when injroduced into tht 
body alone, stimulate antibody productjon,»'Dut alone it does 
r eact spec ifically wi th its a ntibody. H aptens ar^herefore, reac- 
tive but not antigenic. To convert it into a complete antigen, a 
hapten must be co mbined w ith some other substance, usually a 
groiein, of high molecular weight.'^The complex stimulates the 
production of an antibody which reacts with the hapten. 

The introduction into the tissues of an animal of intac t hamo- 
lytic streptococci results m the formation of antibodies, one of 
which reacts with hsmolytic streptococci of the same group, but 
not with those of other groups.tlf the carbohydrate (C substance) 
is.extracrcd from slrepfococci and compfetefy'/recd of protem, it 
reacts^with the antibod y fo rmedjtsjjesul t of the introd uction jif 

HB— P 
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intact streptococci of the same group, but it is incapable alone of 
( stimulating antibody formation. One C substance which is reac- 
I live but not, alone, antigenic is a 

' Normally , as stated above, a sutetaiTcc native to the tissues of 
a n indi vidual cannot, in them, act as antigen. If, however, the 
protem of rabbit ^rum be nitrat ed, it becomes so altered as to 
act as an anti^n even in the body of the rabbit from which the 
scrum was derived. The antibody produced does not react with 
rabbit protein, but only with nitrated rabbit protcin,'*^e_si)gci- 
ficily of which resides in the NO3 group of the molecule. 
s One of the most important of the charactcrlsticTbf antigens is 
^ their specific relationship with their antibodies. That spwificily is 
bascJnororrihc whole antigen moleode but on only a small part 
\ of it is suggested by the'Tlomination of haptens of low molecular 
' weight over the much larger molecule required to confer anti- 
\ gcni^ly on them. It would appear that the function of the protem 
1 or other substance essential for antigenicity is to carry what is 
.flailed the determinant group, if this group is not capable of being 
separated from the rest of the molecule, or hapten if it can be so 
/ separated. *^110 specific characteristics of the antibody produced, 
are for the determinant group or hapten and not for the carrier. 

. '<4 Now we must turn to antibodies and, in discussing them, we 
need not, for the most part, distinguish beuveen those evoked by 
complete and those evoked by partial antigens. 

' When an antigenic substance is introduced into the tissues, 
there IS a'latent period of several days and then antibody begins 
to appear in the blood. This increases in amount and reaches a 
'"i* maximum, usually within 3 weeks, after w'hich it diminishes. }f, 
however, a second dose of the antigen is introduced, the antibody 
concentration in the blood increases to a higher level than former- 
ly. In this way, by successive introductions of antigen, the anti- 
body concentration can be raised to the maximum possible for the 
animal. When antigen is no longer introduced into the tissues, 
the amount of antibody in the blood gradually decreases. Ulti- 
.mately, no antibody may be detected in the serum, but this doe s 
notjnean that the actively immunised individual has completely 
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lost his immunityi" for years he preserves the ability to produce 
that antibody more quickly and in larger amount when the specific 
stimulus IS reapplied_than can an individual who was never 
immunised against jt. i 

Unlike insulin or adrenalin, antibody formation is not restncted 
to any one organ, but is dispersed throughout the body and occurs 
wherever reticulo-endothelial cells arc situated. Among important 
sites are the lymph nodes from which antibody is carried by the 
lymph to the blood. Antibo dy formation is confined to the reticulo- 
endothelial system becausc.lTmbng the functions of that system^ 
are the synthesis of serum proteins from their constituent amino- 
acids and the disposal of materials foreign to the body. 

It has been known for a considerable time that antibodies are 
closely associated with the globulin fraction of the blood, We, 
can now go further than this and state that antibodies are globu; 
lins, mostly but not entirely y (gamma) globulin, modified in sorne 
way which renders them specific for the antigens which stimulate 
their production_/WhiIe it is possible that an already formed* 
molecule of globulin may be converted into a molecule of anti- 
body/it IS more probable thaWt acquires the ^specific molecular 
arrangement of an antibody during its formation. 

The great majority of antibodies are stable substances which, 
kept under suitable conditions, remain practically unchanged for 
years. They are not destroyed at a temperature of 55% but at 
higher temperatures, 65® to 70% they jire d enatured and loseJheiL 
power of combining with their antigens. 

The importa'hce of specificity in th^reiationship of antibody to 
antigen has already been emphasised. At one time it was believed 
that the basis of this specificity was chemical, so that, when an 
antigen was brought into contact vdth its antibody, the two com- 
bined forming a new chemical compound. This theory has 
been replaced by one accor^ng to which the ^mbin^tion is. 

physicalratherthanchcr-'v’ * — ’ — 

of chains of aminqacids_ • ^ 

being producedj^the^e • • • ■ • 

electrical charges on their constituent atomic groups are comple- ■ 
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mentary to those of polar groups on .thejurface of the antigen 
molecu le. We speak of the “fit” of an antibody to its antigen and 
such analogies as that of key and lock or mould and cast are often 
used. These are of value so long as they do not conpentrate atten- 
tion on shape and ignore such questions as that of the distrib ution 
of electrical charge which plays an important^art, 

There is some evidence suggesting that various de grees of 
correspondence between antigen a nd antib ody may exist. When 
correspondence is very complete, the union is firm: ^en it is less 
complete, the complex is easily broken down into the constituent 
antigen and antibody. 

Despite what has been said about the specificit y ofantihpdy and 
antigen, it is very easy to advance what at first sight appear to be 
exceptions to this specificity. If we immunise an animal against 
pestis, by injecting it with a suspension of the organism, the 
serum of the animal will react not only with that organism but 
also with such diverse bacteria as Sa!m. paratyphi B and pneumo- 
coccus of type XIV. The explanation of such examples o fappareji t 
lack of specificity js^that bacterial and other cell^are composed of 
^^ynany chemic^ubstances, each capabl^f acting as an antigen 
The result of the introduction into the tissues of an animal of 
• Past, pesus IS not the production of an antibody specific for Past 
pestis, but of a series of antibodies, |leach specific for one of the 
antigens of that organism, some of which are shared by the other 
cells and substances with which, in consequence, the antiserum 
reacts. 

A bacterial cell which is composed of a number of differeiit 
antigens is sometimes described as constituting an antigenic 
mosaic^ This is not a very good description as it implies that the 
surface of the bacterium is covered with a very large number of 
different antigens whereas, although.tfae.celljnay-contain many 
antigens, only a few of these are present on or close to its surface. 
If we picture a bacterium as resembling an onion and consisting 
of successive layers of antigens, we would probably better repre- 
sent the disposal of its antigens than by regarding it as a mosaic 
of antigens. 

When bacteria are brought into contact with the serum of an 
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mentary to those of polar groups on the surface of the antigen 
molecule, We speak of the “fit” of an antibody to its antigen and 
such analogies as that of key and lock or mould and cast are often 
used. These are of value so long as they do not conpentrate atten- 
tion on shape and ignore such questions as that of the distnb^on 
of electrical charge which plays an imporjantjiarL ” 

There is some evidence suggesting lhat various d egrees _of 
correspondence between antigen and antibodyjnay exist. When 
correspondence is very complete, the union is firm: when it is less 
complete, (he complex is easily broken down into the constituent 
antigen and antibody. 

Despite what has been said about thc^ccificity pfantibgdyand 
antigen, it is very easy to advance what at first sight appear to be 
exceptions to this specificity. If wc immunise an animal against 
'Past, pestis, by injecting it with a suspension of the organism, the 
serum of the animal will react not only with that organism but 
also with such diverse bacteria as Saint, paratyphi B and pneumo- 
coccusoftypeXIV T', :* ■ ‘ 

lack of specificity *.• , .*•« ■ . ^ 

^anjT chemicaTsu 

The result of the • • • • 

Past, pcstis IS not the production of an antibody specific lot Past, 
pestis, but of a series of antibodies, lleach specific for one of the 
antigens of that organism, some of which are shared by the other 
cells and substances with which, in consequence, the antisemm 
reacts. 

A bacterial cell which is composed of a number of differeut 
antigens is sometimes described as constituting an antigenic 
mosaic^ This is not a very good description as it implies that the 
surface of the bacterium is covered with a very large number of 
different antigens whereas, al thou gh.tfae.cell-may.contain many 
antigens, only a fe^qf these are present on or close to its surface. 
If we picture a bacterium as resembling an onion and consisting 
of successive layers of antigens, we would probably better repre- 
sent the disposal of its antigens than by regarding it as a mosaic 
of antigens. 

When bacteria are brought into contact with the serum of an 
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animal immunised against them or, in other words, an antiserum^ 
/ antibodies in the serum unite with antigens situated at the surface 
of the cell. Deeply situated antigens are masked by those more 
superficially placed. /Hiey”” ran react with their antibodies only 
‘ when the bacteria^ndergo changes by which antigens formerly 
deep assume a more superficial position or when the cell is broken 
up and its antigens go into solution. ,/ 

The union of antibody and antigen is but the first stage of a 
process the outcome of which depends largely on the physical 
state and situation of the antigen and on environmental factors. 
f If th e antig enj s in solution, the complex formed is insoluble 
'p* and so is precipitated^ 

If the antigen is m its normal position at the surface of a bac- 
tenum, it unites with antibody as before. The phenomena which 


follow depend on a number of circumstances. 


P If capsulate? bacteria are brought into contact with antibodies 
for the capsular antigens, the first alteration to be observed is 
swelling of the capsules This may be followed by agglutination 
of the bacteria. 


antibc ’ " *' • • • • g 
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unstable component o f serum .kno^ vn as Complement the united 
action of antibodies and complement may cause the killing 
(b actericidal effe ct) or even the dissolving (ba cterio lytic efiect) of 
the bacteria. 

It is often convenient to refer to~ antibodies by names which 
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-denote the phenomena which follow theij^union with antigens. So 
r vve may speak of ^ecipitin, agglutinin, opsonin, t)actericidin and 
"bacteriolysin. Convenient as this usage is, it should not lead us 
to regard the antibody responsible for one phenomenon as distinct 
from that responsible for other phenomena. -^T he essential thin g 
is the s pecific union of antigen and antjbo^. The obvious features 
of the reaction, whether these be precipitation, agglutination, 
phagocytosis, killing or dissolving, are due to secpnd ary_cffects 
w hich. ate .brought about ]argelyJ>yjipn-s pecifi c ag en cies. 

A useful distinction is sometimes made between antibodies 
which can exert their characteristic effects only if compleme nt is 
prese nt and those which do not require complement./ The forme r, 
which include bactericid m and bacteriolysin, are called immune 
bqdiei„ But again it must be emphasised thTtvrfie same antibody 
which may, in the presence of complement, kill the bacteria may, 
in its absence, merely cause agglutination. 

It seems to be universally true (hat, when antigen and antibody 
unite, c omplement, if present, is fixed , even if it takes no part in 
the subsequent events. 

Antibodies are developed not only against the various antigens 
in the bodies of bacteria, but also against their s oluble prod ucts 
suchjis,t qx4n . The antibody to a t oxm.jvhichJs _caIled an Ant i- ' 
toxin, unUes wifojqxm and so prevents (he latter inflicting damage 
on susceptible cells. If toxin and antitoxin are presentl n correc t 
proportions, a precipitation reactio n occurs and the__iiisoluble 
toxin-antitTxin complex is pr^pitated-jj-^Complement is not 
required for the neutrahsation of toxin by antitoxin but, if 
present, is fixed. 

Antibody formation is a highly important means of delence 
against bacteria and their products but it is not necessarily the 
only one. The followers of Besredfca believe thaC'^ertain tissues 
of the body may become immune to bacteria and their products 
without the appearance of antibodies in the circulation. While 
the possibility of tissue immunity cannot be excluded, the proba- 
bility is that, if it does exist, it is of much less value than that based 
on the development of antibodies. 


CHAPTER XVI 


PHAGOCYTOSIS 

Of the means by which the body rids itself of bacterial invaders, 
the most important is based on the activity of certain cells 
endowed with the power of ingesting these organisms. 

MetchnikofT, the discoverer of p hagocyto sis, described tw o 
t ypes of phagoc ytic cell — microphages and macrophages. 

Microphages, better known as polvmorphonuclea^eucocvte?. i 
are normally found in the Wood but are able to migrate from it 
and, after wandering through the tissues, to return to the blood 
stream When the body is invaded by bacteria there is usually a 
marked increase m the number of polymorphonuclear leucocytes 
in the blood. These cells migrate to the sue of invasion and f orm 
a protMtive^ barrier against further advances of the bactcTia.' 
Their bodies, living or dead, constitute the majority of the cells 
found m pus. ^ ^ 

Macrop hages a re of two Jmes — free and fixed. The former arcj, 
present free in the tissues and occasionally m the blood, the latter^ 
*/ occur in the endothelium of blood vessels, particularly of the 
liver (KupfTer cells) and bone marrow, and in connective and 
lymphoid tissues. ^They play the chief part in the defence of the 
body against certain bacteria, particularly the tubercle bacillus. . 
but are capable o f ingesti ng many other types of orgamsmandarc 
largely responsible for Ireeing the blood stream of bacteria n hich 
have gained access to it. ^Thcy also act as scavengers, disposing of 
dead cells and other waste materials. yThc fixed macrophaees 
cannot, like the microphages, approach invading bactena and (m 
therefore ingest only particles which come in contact with theix 
The process of phagocytosis by polymorphonuclear leucocy*^ 
can be readily studied in vitro. If blood cells which ha\e bie=: 
washed completely free of plasma are incubated with a suspexir- 
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of bacteria, phagocytosis docs not occur, however, p lasma or 
serum is added to the mixture of.washcd cells and bacteria, acti\e 
p hagocytosis takes place on incubation^ The presence or absence 
of phagocytosis is determined by microscopic examination of 
films prepared from the mixture and stained by Leishman’s or 
other blood stain.'^If phagocytosis has taken place, many bacteria 
arc present in the cytoplasm of the cclls^lf there has been no 
phagocytosis, all the bacteria are situated cxtra-cellularly. 

This experiment suggests that 'polymorphonuclear leucocytes 
act as phagocytes of bacteria only in the presence of plasma or 
scrum, but this is not true. If the bacteria are left in contact with 
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serum for a time and then centrifuged free of it and, after this 
treatment, arc incubated with washed cells, phagocytosis occurs. 
/ From this it follows that s ome substance in the serum ac ts_pn 
bacteria in su ch a way as to render them capable o f being ingested 
by polymorphonuclear leucocy tes. v^Vright called this substance 
• Opsonin because it made the bacteria palatable for the cells. 

Qps^nised bacteria attract polymorphonuclear leucoc ytes to 
themselves and, when contact has been effected, are ingested by 
the leucocytes. The first phenomenon, that of attraction, is calle d 
positive chemota xis. When, in vitro, bacteria which have not been 
in contact with serum are used, there is no attraction: there may 
even be repulsion, that is negative chemotaxis. Chance encounters 
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between cells and bacteria must frequently occur but, If the 
bacteri a have not b een treated with serum, ingestion does not 
take pl a^. * 

Opsonin has many of the properties of an antibody, it can b e 
fi xed by bacteri a and bacteri a so combined with it react in, a 
charac teristic wa y. It differs from most antlbodi^in two respects- 
y It is more easily destroyed by heat, possibly because the ujistable 


stances similar in their action to antibodies but innately prese n t in , 
the blo od and not res ulting fr om cither active or passive 
immunisation. _ 

/ Highly patho genic ba cteria, exposed to the action of normal 
serum* and 'washed ^li, "probably r epel the leucocy tes: they 
certainly do not attract them and are not phagocy to5ed.»/lf the 
serum of a human being or animal actively immiTnised against 
them is added to the mixture or if the bacteria are treated with such 
a serum before being added to the cells, phagocytosis takes place 
The a ctive ingredient of the serum is called Immune Opsonin or 
Bactenotropm . I t resembles op sonin in causing bacteria xom-^ 


veloped against the surface antigens of the bacteria. It has all the 


was extensively used as a method of evaluating the efficacy of 
waccine therapy. Two preparations were made. The first con- 
tained bacteria, washed white cells and patient’s serum, the second 
the same bacteria and the same washed cells but w'lth normal 
serum in place of the serum of the patient. After the preparations 
had been incubated for the same time, films were made and 
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Stained, and the averag e num ber of bacteria ingested p^poly- 
morphonuclear leucocyte in each u'as determined. vThe opsonic 
index was obtained by dividing the average in the ^paratio'iT 
containing the patient’s scrum by that in the one containing 
normal serum.-jlf the index was below 1, the patient’s resistance 
to the organism was regarded as low, if above 1 as high. The 
significance of the results were not commensurate with the efibrts 
required to achieve them. 

W hen, whether under the influence of opsonins or bacterio- 
tropins, ^leria are phagocylosed, they arc exposed to the action 
of the ce ll’s digestive enzymes. Some types of bacteria are quickly 
killed and dissolved but others survive for a considerable time. 
This is shown by the fact that, though phagocytosed, they can 
still be cultured on laboratory media. 



CHAPTER XVII 


TOXINS AND ANTITOXINS 

While it IS probable that all pathogenic b acteria inflict damage 
on their host by the prod uction . of_toxic_s ub5t ances. only a 
limited number have so far been shown to be capable of producing 
y exot oxins in artificial culture. The most important of these are 
C diphthericty Str. pyogenes. Staph, pyogenes. Shigella dysenteriee. 
Cl. botulinum, Cl. tetam and certain other species of the genus 
Clostridtiim It is with the toxins of these bacteria and with their 
antitoxins that we shall deal in this chapter. ^ 

Toxins arg nitrogenous substances, possibly albu mos es, which 
are soluble and non-crys^llisabie. They are^estroyeS by heat, 
light, exposure to oxygen and various chemical substances. They 
are present in cultures of the organism grown m broth of suitable 
composition and can be separated from the bacteria which pro- 
duced them by filtration through a bactena-proof filter Such toxic 
filtrates are so commonly called toxins that this usage must be 
accepted, but it should be realised that the'^rue toxin represents 
a very small fraction of the filtrate. 

•^Certain bacterialjoxms arc among the most powerful known 
poisons. One ten thousandth part of a millilitre of a broth culture 
of^. teiani suffices to kill a guinea-pig. As small an amount as 
2 X 10-®g. of this toxin in the drystate kills a mouse. 

■ ’ ' ' ......... , which 

• _ • '1 cell sub- 

• ■ _ It is for 

this reason that, when antitoxin is used for treatment, it must, in 
order to be cfTectivc, be administered early in the disease.*^Oncc 
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for the rat and the fatal dose of tetanus toxin per gram of body 
weight is 200,000 times as great for the hen as for the horse. 

' .Tetanus toxin acts mainly on nerve cells and diphtheria toxin on 
the cells of the adrenals. 

' Most bacterial tOTii« are effective only when introduced 
parenterally. -^hat of Cl. botulinum is one of the few which is 
absorbed from the intestine. 

All the known exotoxins are antigenic^ their repeated adminis- 
tration in sub-lethal doses stimulates the production of anti- 
bodies which are kno^vn as antitoxins. The combination of toxin 
and antitoxin is, like all antigen-antiCody reactions, highly specific. 
'Tetanus antitoxin, for example, has no capacity to combine with 
diphtheria toxin. 

When filtrate containing toxin is mixed with serum containing 
antitoxin, the toxin and antitoxin combine and, if the amount of 
one is not grossly disproportionate to that of the other, .prccipitiu 
tion of a toxin-antitoxin complex occurs. Both the rapidity and 
the firmness of the union between toxin and antitoxin varies with 
the sample of antitoxic serum used. The term “avid” was formerly 
applied to an antitoxin which combined rapidly^ith toxin, but 
now it implies tKat*the union with toxin is a firm one rather than 



dilution. In one experiment it was found that a rabbit survived 
an injection of 10 ml. of a particular mixture of toxin and anti- 
toxin but that, when 0 5 ml. of the same mixture was injected into 
another rabbit, the animal died. In the second case, the dilution 
of the mixture m the animal’s body fluid, which was much greater 
than in the first case, was sufficieut to dhsociatejriie ^ion of 
t oxin and antitox in so liberating a fatal doTe of toxin. It is obvious 
that an avid antitoxin “^serum would be more effective thera- 
peutically than a non^vid one but, unfortunately, as we are 
Ignorant of the factors responsible for the avidity of an antitoxin, 
we are unable to produce avid antitoxic sera when we desire 
to do so. 
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toxin-contaming filtrate is kept at air temperature for some time, 
IS heated or is acted upon by certain chemical substances, it is 
found that progressively larger amounts are required to kill 


submitting toxin to the action of formalin fo r some weeks at body 
temperature. Most of the powerful toxms, including those of 
C. diphtheria and Cl. letatii, can be changed to toxoids. 

The discovery of toxoids has been of great importance since it 
has made possible the ‘active immunisation of human beings 
against toxins without the dangers inevitably associated with the 
injection of actual toxin. 

Antitoxic se ra destined for therapeutic use are usually obtained / 
fr om horses . A healthy horse receives a series of subcutaneous 
injections of toxoid of increasing magnitude. This is followed by 
a further scries of injections of toxin After a few months, when 
tests have shown that its serum contains a satisfactory amount of 
antitoxin, the horse is bled It is not bled to death and, after an 
interval and a further course of injections, it may be bled again. 
In this way, with proper care, a horse may continue to yield useful 
antitoxic serum for a year or more The blood is allowed to clot 
and the serum, freed from cells, may be bottled for use after the 
addition of a small amount of phenol or other antisepti c 

In the early days of antitoxin thcrapy,*Crude sera so prepared 
were used for treatment and, although their p otency, measured i n 
t erms of units of antitoxin per millilitre, was not great, there are 
good reasons for bcheving that iheir iherapeuUc effects yyere 
greater than those of modern antitoxins, possibly because their 
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■^avidity was greater. Partly in order to obtain more units of anti- 
toxin in a given volume and partly in order to avoid the reactions 
which so frequently follow the injection of crude serum, most 
antitoxins arc now concentrated and refined. 

The chief meth'** * * • ... 

based^n'the fact 
Uns. These can 

sulfate, freed from this substahc^ydi^sis and redissolved in 
a volump^f saline smaller than that of the serum from which they 
were,.dbtained. Still further rdjpiiig is now commonly achieved 
by pa rtial -peptic-diges t ipn and heating before precipitation. 

Since the concentration of antitoxin* pfesenTTn the sera of 
different animals immunised against the same toxins differs con- 
siderably, it would obviously be unsatisfactory to describe the 
therapeutic dose of an antitoxic serum in terms of the volume of 
serum administered. It would also be impracticable to describe 
the dose in terms of the weight of antitoxin. Some other method 
of^scribing the dose is therefore required. 

’^"^hrlich was the first worker seriously to attempt to estimate the 
potency of an ant idiphtherUic. serum in terms of its antitoxin 
cjnt ent. He first defined a 'unit of toxin , which he called tne 
minimum lethal dose (M.L.D.), a s the amount of toxin which, 
when injected subcmtaneously^kjjled.a guineajig wei ghing 250 
gm. in 4 da_^. His’unit of antitoxin was that amount which, when 
mixed with 100 M.L.D. of toxin and injected into a guinea-pig of 
standard weight, prevented the death of the animal within 4 days 
Ehrlich’s methods of standardising toxin and antitoxin were 
unsatisfactory because of the i nstability of toxin . *As_ant itoxin is 
itself much more stable than toxin , vantitoxi p sera are now 
standardised by comparing riiar capa'ci^o neutralise^toiin with 
p that of a standard antitoxin.*^he present unit of diphtheria anti- 
toxin, although based on one of Ehrlich’s determinations, is really 
.an arbitrary one. It is the amount of antitoxin con t ained Jj a 
1 certain yveight.of.a parti cular ant itoxic s erum dri ed and preserved 
I under optimal cond ition s. All other diphtheria antitoxic sera are 
^standardised directly or indirectly against this serum. 


TOXINS AND ANTITOXINS 


223 


A new antitoxic serum is compared _wit h..a _^andard serum 
thjough^the,mtermediary.of.toxin^ Three methods are used in 
making the comparison. ^ 

The first, that of Ramori, is based on the preci pitation reaction 
occurrmg_betweenj^qxin and antitoxin. A specime'iTo’f a standard 
antitoxic serum, a specimen of the new serum requiring standard- 
isation and some filtrate containing toxin are required To a 
series of tubes, a dilution of standard antitoxin containing exactly 
1 unit of antitoxin and decreasing amounts of toxic filtrate are 
added Flocculatio_n^(or precipitation) first appears in one tube 
m the series and then spreads to adjacent tubes. The amount of 
filtraj:e in the tube m which it first appears is called the Lf dose. 
Another series of tuSesTTihen prepared To each is added one 
Lf dose of the same towc filtrate and decreasing amounts of the 
new serum Since the*X f dose of ajp xic broth is the amount ^ 
which precipit ates more ra pidly with one unit of antitoxin than ^ 
any otfief^jowt, the^ube inthe second’series in which precipita- 1 
tion fiKt appears'ccntalns one unit of antitoxin. This is a rapid ^ 
and economical method which is now commonly used for. pre- 
hmmary'litrations of a new antitoxic serum. It is also used for 
“ titrating toxm.m a filtrate but, in this connection, it must be 
1 ealised that*^ toxoid precip itates with antitoxin in exactly the same 
way as toxin. Two filtrates may have exactly the same Lf value 
but one may be highly toxic to animals, since the reacting sub- 
stance is almost entirely toxin, while the other may be almost 
devoid of poisonous properties because the reacting substance is 

^re(. 

The unit of tox in us^ in the second method of slandardisa- . 
lion js t he Lr d^se..|^'"This is the amount of a toxic filtrate 
which, injected intradermally into a guinea-pig together with 
one unit of antitoxin, causes a r eactio n in the form of‘a red 
flush 5 mm in diam eter withi n 36 houj^. First, using a standard 
antitoxic serum, the Lr dose of a toxic filtrate is determined. 
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Then, using the same dose of the same filtrate, the amount of the 
new serum which permits just the same degree of damage to occur 
is ascertained: this contains one unit of antitoxin. 

The unit of toxin used in the third method of standardisa- 
tion is the L-1- dose of toxin. This is the amount of a toxic 
^ filtrat^which, when mixe d with on^unitJpf_antitoxin and 
. injected into a guinea-pig, l alirthe animal in 4 d ays. A series of 
mixtures are made, each containing exactly 1 unit of standard 
antitoxin and 'decreasing amounts of toxic filtrate, and each one 
is injected into a guinea-pig.'J^'The amount of the filtrate present 
in the mixture which caused one of the guinea-pigs to die in 4 days 
(i^her less nor nior^ is the L+ dose. Another series of mixtures 
is made, each coniairiing 1 L+ dose of the filtrate and decreasing 
amounts of the new antitoxic serum, and each one is injected into 
a guinea-pig. '^Since, b y defi nition, the L+ dose of a toxin is the 
amount which, injected together xvith I unit of antitoxin, kids a 
guinea-pig in 4 days, the mixture injected into the guinea-pig 
dying in that time must have contained 1 <unlt of antitoxin. 
y These three methods are those used ' for titrating a new d iph- 
^ theria anti^xic^erunt Other methods are used for other sera, 
i. FoF some the'^ouse may be used as the test animal rather than 
' /the guinea-pig and,Tor_s(and ardisin g the antitoxi n to the er ythro- 
^ geni c tox in of S}r. pyo^emjs^ there is no satisfactory substitute for 
'• human sldn. ^An antitoxin to a t oxin which is hamolytic may be 
?• * standardised by its power to prevent hiemolysis of red blood cells _ 
when it IS mixed with the toxin and the mixture is added to a 
suspension of cells. 

Despite wide differences in the details of the methods used to 
standardise different antitoxins, the fundamentals are the same. 
In every case,'^one unit of ant itoxin is pre sent in t hat_amount of a 
new serum which, plus a certain vplume of a toxic fiUratg, pro*, 
d uces exactly the sa me eff ect as the same amount of filtrate plus 
one unit of standard antitoxm- The effect may be death of a 
guinea-pig or mouse within a given period, production of a stated 
area of erythema in the skm of an animal or man, prevention of 
lysis of red blood cells or most rapid prec ip itation. 
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By international agreement standards for the main antitoxins 
have been established and specimens of standard sera have been 
lodged in certain centres throughout the world, so that a manufac- 
turer of such products can accurately assay his products and label 
them correctly in terms of international units. 





CHAPTER XVIII 


PRECIPITATION AND AGGLUTINATION 

^ In this chapter it is proposed to deal with the events whic h 
Fo llow the_union ,of_antibodv. and ba<yeriaj^ai^gen when neith er 
c omplem ent^no r^pha gocytic cells are present and, therefore, 
neither killing nor phagocytosis of bacteria can occur. 

Considerable space is devoted to precipitation and agglutioa- 
tion, not because either process appears to be of great practical 
importance in protecting the body against infection, but because 
t he phenome na, which have been very extensively studied in the 
l aborat ory, have served to revea l much of the complex anti genic 
s tructu re _oF bac^ ria and of the nature of antigen-antibody 
reactions in gener^. 

The essentials of precipitation are easily stated. When the clear 
•lerum of an animal immunised against an antigen is mixed iviih 
a clear solution of that antigen and when an dectrol yte, such as 
sodium chloride, is present, Turbidity _ devel ops and, after a time, a 
precipita t e^ appears and falls to the bottom of th e tube. This 
precipitate, which is composed of the* cpmpl e;L03rmed J>y _lh^ 
ujiion of ^anti gen and antibody , ^onsists_mainly of antibody, that 
I is globulin, *vvith only aj/erys piall amou nt of antigen. It is forthis^ 
reason that precipitation reactions are of ^onsiderable valu e_ig|^ 
detecting, in material exa mincd._the_presence_of_an antigen, ev^n | 
when onlyje'iy smdr amounts of it are present, but are muclTlesSj 
useful for dejecting, in serum, the presence of small amounts of 
antibody. 

It is sometimes convenient, when dealing with precipitation, to 
use thS terms precip itinoge n for the antig en and precij iitin for 
antibody concerned. 

In precipitation reactions, the quantitative relationship of anti- 
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PRECIPITATION AND AGGLUTINATION 
gen and antibody is of great importance. There is_ an optimum 


“yV _■ 

! formation, however, a greater amount of antigen relative to anti- 
'“body IS usually required. there is a great disparity between the, 
amounts of antigen and antibody present, no precipitation oc curs. 
^ When the reaction is used for the detection of antigen , a useful 
method is to layer the solution of antigen on top of undiluted or 
but slightly diluted serum in a narrow tube as, under these condi- 
tions, a precipitate forms as a ring at or close to the junction of 
the two fluids even when the proportional relationship of antigen 
and antibody is far removed from the optimum. 

The precipitation reaction may be*used t o detect the presenc e 
of ba_ 

n atui . « 

i ndue _ 

the meningococcus can be established by finding that a precipitate 
forms when the c erebro-spinal fluid is brought m contact with 
anti-memngococcal serum. The group to which a' hamolytic 
S treptococcus belongs is most conveniently determined by observ- 
ing with which group antiserum an .artificially made extract, 
containing the C substanc e of the organism, precipitates. 

Apart from"” bacteriology, the precipitation reaction is exten- 
sively employed in medico-legal work as it aflbrds the best method , 
of determining from what species of animal the small amount 
of blood obtainable from a stain on clothing or weapon was 
derived ^ 


other electrolytes before they are mixed, no obvious change i 
follows the union.^Wben, however, a trace of electrolyte is added, 
agglutination takes place. 
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PRECIPITATION AND AGGLUTINATION 

. In this chapter it is proposed to deal with the events ^hic h 
fo llow the union or antibody nnd bacteriaLnndgcn when nejth er 
c omplem ent . no r ph agocync cells arc present and, therefore, 
neither killing nor phagocytosis of bacteria can occur. 

Considerable space is devoted to precipitation and agglutina- 
tion, not because either process appears to be of great practical 
importance in protecting the body against infection, but because 
t he phenome na, which have been very extensively studied in the 
l aborat ory, have served to revea l much of the comp lex antigenic 
s truct ure_o f bacte ria and of the nature of antigen-antibody 
reactions in general. 

The essentials of precipitatio n arc easily stated. When the clear 
scrum of an animal immunised against an antigen is mixed \rith 
a clear solution of that antigen and when an electrol yte, such as 
sodium chloride, is present, turbidity develops and, after a time, a 
precipitate^ appears and falls to the botto m of the tube. This 
precipitate, which is composed of the^c ^mp lex-fbrmed -byjhc 
union of anti gen a nd^an tibody , rons isjti.mainly of antibody, that 
I is globulin^vith only aj/eiy s mall amount of antigen. It is for thn 
reason that precipitation reactions are of* ^onsiderable value in . 
detecting, in m aterial exa mined. the.presence of an antigen, esen 
when_onIy very s mall amounts of it are present, but are mucFless, 
useful for defecting, in serum, the presence of small amounts of 
antibody. 

It is ^ometimes convenient, when dealing with precipitation, to 
use the terms precipit inogen f or the antigen and precjpidn for 
antibody concerned. 

In precipitation reactions, the r^uantitative relationship of anli- 
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animal agglutinates that orgamstn to a titre of 1 : 5000 and the 
quite distinct organism. Salm. typhi, to a titre of at least 1 : 2500 
and frequently of 1 • 10,000 or higher The explanation of this is 


latter. 

From what has just been said it follows that the fact that an 
organism A is agglutinated by the serum of an animal immunised 
against organism B does not prove that A and B are identical. 
/The identit y of the two can be establish ed, but not by direct 
agglutination. The method used is based pnj he, absorption of 
agglu tinin from an ant iserum- If an antiserum is mixed with a 
dense suspension of the homologous organism, each agglutinin 
unites with its antigen and, since the latter are attached to the 
bacteria, when these are removed by centrifuging they take with 
them their agglutinins. The serum is thus deprived of all its agglu- 
tinins *AVhen, instead of the homologous organis m, a suspension 
of a heterologous organi sm which the serum agglutinates is used, 
agglutinins acting on it are removed but not necessarily all 
a^' agglutinins.^if the antiserum for an organism A containing anti- 
gens 1 and 2 is treated with organism B, the antigens of^hich are 
I, 2 and 3, the serum will not agglutinate either A or B ' but if the 
antiserum for B is treated with A, it will no longer agglutinate 
A but will still agglutinate B. 

tha _ • : 

agJ . _ ■ “ 

Test, will be more rasily understood from the following 
table. 
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V, If the organism is a ^otiie one and is alive when it is acted upon 
2 by agglutinin, the bacteria may b^^bser\'ed to lose their motili ty 
>vbefo^ they become aggiutinated.'' Dead bacteria , whether origin- 
, ally motile or non-mot ilc, arc just as readily agglutinated as are 
those which aire *tiUvc.*^.ut it should bc_notcd that the clumj)s 
formed by flagellated organ isms, living or dead, arc larger apd 
, l ooser than those fo rmed by non-flagellatcd organisms. The 
c former tynr* — t • : • 

jv/" Durii , ■ ■ • . . ' 

patient . • • , : • ; . . ■ , 

.^ism. Foi iiivc'sngatmg the phenomena of agglutination, the sera 
of rabbits or other animals, immunised against pure cultures of 
individual bacterial species, arc usually employed. Although 
agglutination may be obsersxd microscopically, using living bac- 
teria, Inacroscopic methods, using cither living or killed bactena, 
are usually preferab!c.* ^he litre of an agglutinating serum Is the 
' hig hest dilu t ion at w hic hjt j^ r oduces a g glutination . *<tt is to some 
extent a fTected by the'strain of bacteria used.^the strength of the 
suspension and thcMuration and“tcmpcraturc of incubation. As 
in the case of precipitation reactions, where special terms are 
applied to the antigen and antibody concerned, so, in connection 

with .Tf’Crllltimtinr. ’ •* ' ^ ■ 

CO 

^ ?ng the largest amount of serum may showJUtlc^orjio.agglutiiia- 
< | tion.>-T his may be due eitherHo the presence in the ^erun^of some 
substance, possibly a nrote^i'n othcMhan g lobu lin,_uhich pfesepts 


tjiuuuijjcjguoiea m agglutination. The existence of these 
z^es of inhibition is a matter of some practiwl importance, as a 
serum may fail to agglutinate a bacterium in high concentration 
*' /.’cTTn the earlier tubes in the senes.'Tiut agglutinates normally in 
the tubes in which it is more highly diluted. 
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complete in the case of bacteria of the Salmonella genus. A fairly 
representative species, talm. enteritidiSj contains three groups of 
antigens — H, O and R. There may be two or three antigens of 
each group. The antigens are present in the flagella and, under 
the influence of their agglutinins, give nse to flqwular agglutina- 
tion. The' O antigens, which are sonmUc, that is associated with 
the_bo^, give rise, when acted upon by their agglutmins, to 
granular agglut inat ion The R an tigens are also somatic.^ anti-^ 
gens are more superficially placed than R and mask theriTso th*at 
anti-R agglutinins are without effect on the bacteria so long as*0 
antigens are present. H antfgens have little or no masking effect; 
on O antigens. Bacteria containing both antigens are usually 
agglutinated by both anti-H and anti-O agglutinins. 

Salm. enteriiidis ma^ produce variants by loss of one or other o^ 
the^normal groups of antig^s. So, a typical strain of Salm. 
enteritidis may lose Us power to produce flagella and, with its loss 
of flagella, it loses us H antigens It is no longer agglutinated by 
anti-H agglutinins but is still agglutinated by anti-0 agglutinins. 

A strain of Salm. enteritidis may lose its O antigens with the result 
that It IS no longer agglutinated by anti-0 agglutinins The loss 
of O antigens unmasks the R antigens and so this degraded 
orgamsm is now agglutinable with anti-R agglutinins. 

V The R _antigca is .so called bcc^sc,^vhen O antigen is lost, the 
colonies of the organism usually appear more or less rough. 
e Such organisms tend to produce suspension^ m ^Mine _which 
spontaneously form aggr^atcs~simiraflo those formed when 
agglutination occurs. ^ 

SomT'spccies m”the genus and particularly Salm. typlii possess 
an additional somatic antigen called ^i because its presenc e is 

.. — j .. :.u — I -r.t. \r. — SUpg r- 

[uota of 
' anti'O 

agglutinins. When it produces a variant through loss of Vi anti- 
gen, this variant is agglutinated by anti-0 agglutinins but not by 
anti-Vi agglutinin. ✓The presence of Vi antigen renders Salm, 
typhi susceptible to the action of certain strains of bacteriophage 
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Serum. 

Antigens against 
which antibodies 
are present in 
the serum 

Agglutination of organism’ 

A 

(containing 

antigens 

1 and 2). 

B 

(containing 

antigens 

1, 2 and 3) 

Anti-A 

1.2 

+ 

+ 

Anti-B 

1,2,3 

+ 

+ 

Anti-A absorbed with A 

Nil 

_ 


Anti-A absorbed withB 

Nil 

- 

_ 

Anli'B absorbed with A 

3 

_ 


Anti-B absorbedwithB 

Nil 

- 

- 


4- = Agglutination 
- = No agglutination 



this experiment shows that organism B possess not only all the 
intigens of organism A but also at least one additional antigen. 

The fact that the serum of a patient agglutinates a particular 
organism is sometimes taken as proving that the disease from 
vhich the patient is suffering is caused by that organism.* While 
his is often so, the conclusion is not always valid. A person w ho 
las once p rodu ced a particular antibody is capabkof prdJuang 
t again more quickly and in larger amount than a person wh o 
lever produced it. A person who suffered from typhoid fever 
’ears before may have no demonstrable typhoid agglutinins in 
us serum. If he receives an injection of a vaccine (a suspension of 
lead bacteria) of Salm. typhi, agglutinins for that organism will 


ntibody production, which is known a s th e anamns ^ticTsacUpi}, 
hould be kept i n mind when attempts are made to diagnose a 
l isease from the agglutinating power o f a patient!s-s erum . 

Qur knowledge of the antigenic structure of bacteria is most 
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Strain of Salm. typhimunum was again plated and individual 
colonies were tested by the slideja gglutination meth od against this 
serum.’^he serum was found to agglutinate the bacteria m some 
of the colonies but not those in others. A second rabbit was 
immunised with the bacteria in one of the colonies which was not 
agglutinated and its serum was obtained. The same strain of 
Salm. typhimunum was plated out once again and individual 
colonies were now tested against the two sera. The bacteria in 
individual colonies were found to be agglutinated either by serum 
1 or by serum 2, but not by both.^ pure cu lture .of Salm ty phi- 
mur ium h as , therefore, p roduced two types of colon y imposed of 
bacteria which can be distmguished^erologically from one another. 

Next a colony, the bacteria of which were agglutinated by serum 
1 but not by serum 2, was plated and the resulting colonies were 
tested against the two sera Some (usually the jn_ajor;,ty) were 
agglutinated by serum I but not by serum 2. The rest were 
agglutinated by serum 2 but not by serum 1 . ^ 

In the same way, a colony, the bacteria of which were agglutin- 
ated by serum 2 but not by serum 1, was plated, Some of the 
resulting colonies were agglutinated by serum 2 (usually the 
majority) and the rest by serum I. 

From these results it may reasonably be assumed that the 
fla gella of one indi vid ual b act erium c ontain antigens o f one or 
oth er of ^wo types but not b^th and that, fo r.a (e i^ generations^ 

' ’ ‘ • ; antigens.*'* Although_^agell4r • 

■ ■ =swt^ b a bacterium, this bac- 


to occur in approximately equal numbers. 

When other Salmonella species were examined in the same way. 
It was found that, in the case of some, described as djpha^, a 
similar variation of flagellar antigens occurred, while in others. 


which were rQonof^asic, only one type of colony could be 
distnig uished._~ ' 


a»3 Viw5l.iri.Ui. • 
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which lyse organisms containing Vi but not those which have 
lost it. 

A strain of Salnx^ typhimtiy produce v^iants in which there is 
a complete or almost complete loss of one oT" more of its groups 
of antigens. In consequence, strains of the organism may be found 
in which the antigens are: 

H, Vi, O, R 
Vi, O, R 
H. 0,R 
H, Vi, R 
H,R 
Vi,R 
0,R 

^ R 

We now turn to a nother t yp e of v ariation, known as di phasic 
variation, which occurs only in the case of certain Salmonella 
specierahd which ^ec ts^ only ^ e flagella. This type of variation 
differs completely from"the types already mentioned which \wre 
due entirely to loss of antigens and which were irreversible. UiL 
) this typ e, jt is not a question of^ loss^of antigei«_but of a replace* 
ment of one seTof antigens by another set,. . Further , the variation 
is reversi^, not in the individual bacterium it is true, but jn hs 
descendants. ' 

It is impossible, by any method of examination available to us, 
to determine'ihe nature of the antigens present in the flag ella of 
an individual bacterium but, by examining the mass of bacte ria 
occurring~in a weTT is olated co lony and, therefore, presumably 
descended from a single organism, we can deduce with reasonable 
certainty the types of antigen present in that organism. 

The following account of an experiment is based largely on the 
methods actually used by Andrewes who discovered this type of 
variation. 

A culture of Salm. typhimummt was plated out on agar so as 
';4o secure well isolated colonies, ^cr 24 hours’ incubation, the 
'• tacteria in one colony were used to immunise a rab bit. When the 
serum of this rabbit became available some weeks later, the same 

y UohI O « ^ 
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' 'icular specie s, 

• • • ' . ; . . . The devisers 

* • . ' . • he* *numb er of 

phase l_ a ntigens to exceed twenty-six, but they have already done 
so with the result that those discovered subsequently to y are now 
known as Zj, Zj, Zj and so on. 

The H_ antigens of phase_2,.some,of which^occur in many 
difi‘erenj_species, are normally denoted by Arabic numerals (l.,_2, 
etc ) which allows of unllihRed expaiRion although only a dozen 
or so have been recognised. Two_jor.three can usually.be dis- 
tinguished jn.each species.*^In a few sp ecies which are diphasicT 
the Anti g ens of both phases oc cur as phase 1 antigens m othe r 
s pecie sj fo r which reason small letters are_used,tp denote them. _ 
Any Salmonella species may be fully defined by stating its anti- 
genic formula. In this the antigens are given m the following 
order— 0,TT of phase 1 and H of phase 2. The formulas of a 
number of species, illustrating the points discussed, are given in 
the table below. 

Tljose gifted with enquiring minds may wonder how it is 
possible to recognise, in a newly isolated organism found to belong 
to the genus Salmonella, the presence of a particular antigen 
✓ Specialists in this type of work most first proyidp themselves with 
an antlserum_specific for each of the more_commonly occurring 
antigenjr^Such a serum is produced by immunising a rabbit with 

antigens of the organism except the one for which an antibody is 
required. ’■'The unwanted antibodies unite with their antigens in 
the bodies of the bacteria and, when these are removed by centri- 
fuging, the ''serum contains only the one antibody and is thus 
specific for the particular antigcn.^f, for example, we required a 
scrum containing antibody for antigen 2, we immunise a rabbit 
with Salm. paratyphi B which, as a reference to the table below 
shows, contains antigens I, JV, V, XII, b, 1 and 2, The serum, 
therefore, contains antibodies for all these antigens. We treat it 
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v^ When the sera prepared against the two types of Saint. typhU 
murium were tested against other diphasic Salmonell^pe^es, it 
was found that ^rum 1 a gglutinated scarcelya^ycdony whereas 
^ serum 2 agglutinated a proportion of the colonies produced by 
several other species?'\Vhen the same two sera were tested against 
monophasic 5 'g//nQ«g//fl_species, it was found, with very few excep- 
tions, that neither sera agglutinated any colony. 

The antigens present in the bacteria of colonies of Saint, 
iyphimurium which are acted on by antibodies in serum I are 
present in few other species, whereas |intigens_acted jpon by 

{ seru m 2 are w idely di^ributed throughout vario us d iphasic 
sj^cies of the gtrwii Salmonell^ "it iras for this reason thatlhe 
. first set of antigens were originally described as specific antigen s 
and the other as group antige ns, and hacten'a.producin gpne se t 
' phase_and.those prpduc- 
' • . • , _ p phase. *^urther work 

^ formerly believed to be 
peculiar to a species occurred also in some other species and that 
/antigens_hithe^_believed toJbe.characteris tic of the sp ecific phase 
H occurred in both pha|es and so the phase formerly called specific 
IS now known as p^hase.^ and the phase formerly called group is 
now known as phase 1. 

We can now state more formally the present state of our 


About f^y O a ntige ns have so far been distinguished. In some 
species only one of these antigens is present in easily demonstrable 
amount, but in others two, three or more such antigens may_ 
be recognised^j^ Identical anti g ens may b e.present in several 
d ifferent s pecjes^s o that^ fjhese iose^their^povver,of producing 

alUetters 
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organisms of which it is composed are ^irulenLi When th e O ) 
ai^igens,_mjhe case of the salmonelUe, and the capsules, in the ' 
ca se o f the.pneumpcocci,_are lost, the organisms ^come rela- 
tively non-virulent and,the.characteristics of the colonies alter so 
that these_are rough.'/With_other-bacteria,.such,as_5. anthracis 
and Sir, pyogenes, the normal co lony, consisting of.virulent 
organis ms, is rough and the ab no rmal co lony, containing .non- 
virulelit organisms, iS relatively smooth 
A gg lutiriifls can also be produced against other cells, such a s 
the_red.cells.ofjhe.blood».by injecling.them_into an animal of a 
diff erent species . These are known as hsma gglutimns In some 


tn Vie-p fftsftnt-j n-man and, m.variousjjombinatiojis, to_be 
responsible for the four types of human.blood. 



236 


HANDBOOK OF BACTERIOLOGY 


with dense suspensions of Sahn. abony and Salm. paratyphi C, 
so absorbing from it antibodies I, IV, V, XII, b and 1, and leave 
behind only antibody 'This treated scrum will agglutinate any 
organism containing in its flagella, a reasonable amount of anti- 
gen 2 and will not agglutinate any organisms the flagella of which 
do not contain that antigen. 


ANTIGENIC STRUCTURE OF CERTAIN SALMONELL^E 


Group. 

A 

Species. 

Satm. paratyphi A 

Phase variation 

Monophasic 

Antigenic formula. 

I, II, XIl ta 


(Salm. paratyphi B 
Salm. l}phimurlum 
[Saint, abony' 

Diphasic 

Diphasic 

Diphasic 

I. IV. V, XII : b — I. 2 
MV, V. XII :i ^-1 ,2,3 

I. IV, V, XlI : b e. n, x_ 

I 

(Salm paratyphi C’ 

I Salm. Oslo 
\ Saint newport 

ISalnt. tenness^e 

Diphasic 

Diphasic 

Diphasic 

Monophasic 

VJ.VII(Vi) :c*— 1,5 

VI. VII : a e, n, X 

VI. vin :e,h — 1.23 

VI, vir : Z„ 


^Salm lyphi 
[Saint, entenlidis 

Monophasic 

Monophasic 

IX.XIMVi) :d 

JX. XII :g,m 


’ -‘‘tk 

5 no 
»oth 

, smooth and rough colonies, l^c cocci in the former having cap- 
sules, those in the latter none)- ^e c aps ule, which contains ca rbo- 
hydrate, confers type specificUy and the serum of an animal 
immunised with capsulated cocci agglutinates only cocci of the 
same type.'^The carbohydrate is a hapten.^nomilation of it alone 
■^intq an animal does not cause the development of antibody.i^he 
serum of an animal inoculated witlTcocci d eprived of c apsules IS 
species but not type specific: t hat is, it agglutinates all p neumo- 
cocci wha tever t he iq type. 

^ In the case of salmonellce, pneumococci and a number of 
other species, the normal type of colony is smooth and the 
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thejerum of all normal aniigals. It is not a simple substance but 


If fresh serum is kept frozen, the amount of compleme nt present 
falls slowly and useful amounts may still be present after several 
months. The higher the temperature the more rapid is the rate of 
disappearance of complement. None may be detectable in serum 
kept at air temperature after a few days, at bod^temperature 
after a few hours or at SS® after a few minutes, Antibodies are 
ver y little^a _ffected.by,temperatu res u p to 55°. in the refrigerator 
they may show no diminution m amount after many years. 

When susceptible bacteria are acted upon by scrum containing 
antibodies and complement, the organisms may not only be killed 
but may also be partially or completely dissolved»j! ^he antibodie s 

' “"h 


Whether bacteria, after being killed, are dissolved or not 
depends more on the bacteria themselves than on the antibodies. 
Some bacteria (e.g. Bact. coli) a re resistant to the lytic action of 
antibody and complement and so their bodies, after death, are not 
dissolved, others (e g. vibrios) are dissolved almost immediately 
they are killed. 

When red blood cells, spermatozoa or cells of the liver or kidney 
of an animal are injected into an animal of a different species, the* 
latter produce ^ntibodies called cvtnlysinf which dissolve these * 
cells. The cytolysins acting on red blood cells, which are known^ 
as hffimolysins, have been the most extensively studied. Htem o- 
lysins also occur naturally, the s£ra of animals of some spe^s 
having' the power of dissolving the red blood cells of certain 
other species. ^ ^ 

S'. . . . . ^ 

a ■ . ■ . . ' . 

hxmolysis, an apparently clear solution of hsmoglobm. 


CHAPTER XIX 


THE KILLING AND DISSOLVING OF BACTERIA 
AND OTHER CELLS 

|I^ the last chapter \vc considered the destruction of bacteria 
by phagocytic cells and the assistance afforded by“Sirbstances in 
the scrum, to these cells in their fight against bacteria. We now 
‘ ' ' . ' ' ■ ^ ■ * • • ”1 bacteria. 

■■ m. a s erum must.cootgin 

^ ■ * requisite antibo dies arg 

. ^ • . . plawd .somalic^^antigens 

ot tne oa cteria.^Maneiirr ano capsuiar antibodies, acting as they 
do only on appendages to the bacterial cell, can play no e fiecth e 
P ■ ■ ■ X 

7 , , * ilJing^oLbacteriaJs^oftep 

g There is no'objection to 

this convenient usage provided that it is realised that th^^illing 
anti^_d(es a re identical with th^soma tic antibodjes demonstrated 
by other ineans. 

Various theories have been advanced to explain the precise 
/’relationship between antibodies and complement in the killing of 
bacteria. ^The French school of immunologists, under-Bordet, 

^ regard ari^nt ibo dy of this class as s ensit isingjts antigen and so 
rendering it susceptible to the action of complement and, for this 
reason, they call it Substa n ce Sensibillsatr ice. . The underlying 
idea appears to be that antibody so alters the surface of the bac- 
teria that complement is adsorbed. JEhrlich regarded it as a 
'^h^mical grouj) with valencies for the bacterial antigen on the one 
hand and for complement on the other and hence he called it 
Ambocepto r. We prefer to use the ternT Immune B ody for,an. 
antibody which requires complement for.its^ complete .action ^ 
this does not imply any partici^r modej)f actioOu 

Complement, called by the Fmnch school Alexin, is present in 
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carried out the following experimciitr--asu^ension of Past, pestis- 
was mixed with anti-Poit. pestis serum and, to the mixture, 
complement was added After a .petiod. of incubation (during 
which the bacilli were killed^, ^ed"'6iood cells and hsmolytic 
serum, the complement of which had been destroyed by heat, were 
added and incubation was again carried out. no hsmolysis 
resulted^ If another organism, say Salm. typhi, was substituted 
for Past pestis or another serum, say aoti-K cholercs, was used 
instead of anti-Po5f. pestis serum, htemolysts occurred rWhepJ:he, 



expenm^t. 

This experiment, which has been dignified by the name of the 
ablished the correctness of the 
- ^ ^ la kes part in the Ivsis.of cells 

It was soon realised that t lle^ ation_oLcompl emen t, whic^' j 
occurs jA'Jien an antibody combines wi th its a ntigen, affQrds.a_y!^ry^ 


Q = A suspension of bacteria of a different species. 
Anti-P = Serum containing antibodies for the antigens of P. 
Anti-Q = Serum containing antibodies for the antigens of Q. 

C = Fresh normal serum containing complement. 

R.B.C. = Washed red blood cells. 

H = Serum containing hsmolysin for these cells. 

11 ■= An interval during which the ingredients are kept 
at 37°. 

1 . P + Anti-P -b C ]1 -f R.B.C. + H ► No hsmolysis 

2. P + Anti-Q + C II -f R.B.C. + H »■ Hamolysis 

3. Q -h Anfi'P C H -h R.B.C. H ^ Hxmoiysis 

Ini, antibodies in the serum combine with antigens in the bacteria, 
so fixing complement which is not available to cause lysis of the 


MB— R 
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have been repeatedly washed in saline arc Ivsed when complemen t 
is a jded , _Lysi» ;^curs..bestJiUcmpcrBturcs_approximating tQ.lhat 
o f the bod yv Compferr [ ^ . 

comnlex an d can not 

In investigating the . 

and complement, it is advisable to free the cells completely from 
plasma by repeated w'ashing in normal saline. The hsmol)lic 
serum should be freed from complement by heating to 55® for 
half an hour. As a source of complement, the fresh serum of a 
non*immuniscd animal, usually a guinea-pig, is employed. 

. f^h e minimum h.xmolyttc dose (M.H.D.) of a hmmolvtic serum 
K the smallest amount of the serum which, in the presenw of 
.•'T'". ’ '• • ?' ‘ ceils presentin 

'*1 * ' • • •*•««** •' • • iplcment.is .the 

' the presence of 

excess of ha:molysin, causes hxmolysis of all the cells present in a 
simih " \ ' •' J_V •••' '• •''I’ ■ 

f is use _ •. ■ i ■ “ ■ 

certa I . ' 

‘ is Acquired to produce complete hxmoIysis.-:ilt is usual to titrate 
1 hxmolysin in the presence of a great excess of complement and 
then to titrate complement in the presence of 5 M.H.D. of hsfflo* 
lysin. In all these titrations, the volume of the suspension of 
washed red blood cells must be kept constant. 

When it was realised that, in order to kill bacteria or to lyse 
red blood cells, both a specific antibody and another component 
of serum, complement, svas required, a controversy arose as to 
whether the same complement took part in both reactions. 
^y»/ EhrIich and Morgenrot h maintained that there were several 
different complements, each adapted to a particular purpose, 
jiy while* ^ordet and Gengou held that there was but one compk* 
mentrrThe latter workers, in order to estabCsh* their contention, 


CHAPTER XX 


HYPERSENSITIVITY 

The te rmji^persens ltivit y is applied to a group of conditions in 
which there is a reaction^ eithe r of the ^ole bo^ or of a_particu- 
lar tissue, to some substance which docs. not normally give rise 
to any reaction. These conditions include anaphylaxis, idiosyn- 
crasy or atopy, and allergy but unfortunately there is no general 
agreement concerning the precise meanings attached to these 
terms. 

propose to restrict the term anaphylax es to the condition 
occurring in experimental animals and, rarely, in maiyis a result 
of the parenteral administration of a foreicn_prptein into a bod y 
sensitised by a previous introduction of the same substanc e. 

-1 Idi osyncrasy or atop y are the terms we apply to the condition 
""of abnormal sensitivity occurring in man to a variety of substances 
introduced naturally and not by injection. 

Alle r gy is here confined to.hypersensitiyityjo bacterial product^ 
resulting from infection with bacteri a or, more rarely, from the 
artificiallntroduction of them or their products. This was the 
original meaning of the term and, in our opinion, is still the 
correct one, but allergy is now commonly used, especially in 
popular language, as applicable to almost all forms of hyper- 
sensitivity. 

Anaphylaxis 

As has been seen in the preceding chapters, the tendency in 
immunity is usually towards the protection of the animal from 
injurious substances. When we inoculate an animal with a small 
amount of a bacterial toxin, that animal produces a substance 
(antitoxin) which will neutralise toxin subsequently injected, and 
so ivjll protect its cells from jjoimy^ ^n the phej^ome aa which we 
are now going to examine, the element of protection_s eems io 
be absent. 
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cells sensitised by the hsraolysin. In 2 and 3, since there is no 
correspondence between antigens and antibodies, complement is 
not fixed and so is free to cause lysis of the sensitised cells. 

In the r eaction, .tfa&.esse n tial.tfain g -isJ hat, yvh^_andgeji_yid 
antibod y, co mbine, complement is fi xed. _even when tb e_ta;o 
undergo no alterati on observ able by other mean?. . 

I . ^The complement fixation reaction^ has been used for the^ diag : 
j=^ nosib of go norrheea. tu^roulosis_and o^her diseases, a suspemion 
of the appropriate bacteria being mixed with the serum of the 
patient. When its most useful practical application, the Wasser - 
mann reaction, was devised, Tr.jtallidum had not been cultured, 
iM‘ and so aD* emulsioironh^iv^ of a syphilitic feetus, which waj 

...a; ,., - IS found th at 

t • , • • , of such ap 

e , , idividual did 

' ri«ji, ulc uluigeu u^u was an aiconoiic extract of such a > 

■' ny_erj_d*ifuted_withjsaltnei_in_which the va rious l ipoidal sub^tancfs 
piesettLsvere ins_oluble and produced a slight turbidity. The test 
was found to be clinically a reliable one for syphilis and the 
grounds on which it was based appeared sound. The antigens 
were supplied by the spirochaetes in the liver, the antibodies were 
present in the patient’s serum. This theoretical basis was shattered.^ 
' ^ by finding that an alcoholic extract of nor mal liver or, better, ol 
"j normal heart muscle, h uman or animal, was as efficient an "anU- 
f gen” aV one contafmng spirochetes. ^Despite this, the reaction 
'•'(jesembles any other antigen-an_ti^dy_reaction and the resem- 
blance is increased by the finding that, when SY phihtic.seiUgl.^^ 
mixed \yith Wassermann jintigcm flocculatio n oc curs^ 

The reliability of the Wassermann reaction is undoubted and 
many theories of its rationale have been advanced. The most 
probable one is that '^n syphjHs, as a_result of the destructho 
effects of the spirochste, abnormal lipoids are set free in the body- 
These act as'^haptens" andj^in conjunction with some normal body 
" protein, stimulatejhe jiroduction of antibodies. In the Wassef' 
mann and flocculation tests, these antibodies react with the jipoJ.ds^ 
in the antigen to cause either complement fixation or flocg^tiijn- 

l . v' C. I .T 


CHAPTER XX 


HYPERSENSITIVITY 

Tfie terfn _hypersens itivit y Js applied to a group of conditions in 
which there is a reaction, either of the whole body or of a_particu- 
lar tissue, to some substance which does not normally give rise 
to any reaction. These conditions include anaphylaxis, idiosyn- 
crasy or atopy, and allergy but unfortunately there is no genera' 
agreement concerning the precise meanings attached to thesi 
terms. 

,.>vWe propose to restrict the term ana p hy l_axj s to the conditior 
occurring in experimental animals and, rarely, in mai^s a result 
of the parenteral administration of a foreig n pro tein mto_abodi 
sensitised by a previous introduction of the same subs tance. 

,1 Idi osyncrasy or ^qpy^are the terms we apply to the condition Ov 
of abnormal sensitivity occurring in man to a vanety of substances 
introduced naturally and not by injection. 

Allergyjs.hcre confined to^hyperscnsitivlty to bacterial product4 
resulting from infection with bac teria or, more rarely, from the 
artificial Intro’ductiorf'of them or the ir products. This was the 
original meaning of the term and, in our opinion, is still the 
correct one, but allergy is now commonly used, especially in 
popular language, as applicable to almost all forms of hyper- 
sensitivity. 

Anaphylaxis 

As has been seen in the preceding chapters, the tendency in 
immunity is usually towards the protection of the animal from 
injurious substances. When we inoculate an animal with a small 
amount of a bacterial toxin, that animal produces a substance 
(antitoxin) which will neutralise toxin subsequently injected, and 
so will protect its cells from mjuryi ^n the phenome ija which we 
are now going to examine, the element of protection . seems io 
be absent. 
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cdls sensitised by the hasmolysin. In 2 and 3, since there is no 
correspondence between antigens and antibodies, complement is 
not fixed and so is free to cause lysis of the sensitised cells. 

In the r eaction, . the.esse ntial.thing-isjhat, .when;antigen,^d 
antibod y^co mbine, complement is fi xed, even when thejt^o 
ujidergo no a lterat ion observ able by ot her mean;. 

. ..^The comp lement fixation reaction^ has been used for the.^- 
J^ n^sis of g onorrhoea, tuberculosis and other diseases, a suspension 
of the. appropriate bacteria being mixed with the serum of the 
patient. When its most useful practical application, the Wasser - 
s' mann reaeljon, was devised, TV. pallidum had not been cultured, 
and so aO ^mulsioironbcjivcr of a'syphilitic feetus, whic h was , 
T.J-U ....... t» was found th at 

I ■ ce of such ao 

i ^ • * , 'individual did 

! ■ • 4. _ •..li act of such a r 

'' Uyerj^dilutedjvitiTsalinej jn which the va rious Ijpoldal substan^s 
pipsenLlverc insoluble and produced a slight turbidfty. The test 
was found to he clinically a reliable one for syphilis and the 
grounds on which it was based appeared sound. The antigeos 
were supplied by the spirochetes in the liver, the antibodies were 
present m the patient’s scrum. This theoretical basis was shattered^ 

^ by finding that an alcoholic extract of nor mal Uver or, better, of' 

' normal heart muscle, h uman or animal, was as efficient an “anti- 
I gen'’’as o'nc' containing spirochtetes. ^Despite this, the reaction 
‘ ''^resembles any other antigen-antibody^reacUon and the resem- 
blance is increased by the finding that, wb en^s yphi) i t icjerui)!.*^ 
mixed vvith Wassermant^ntigeiil flocculation j^cufs^ 

The reliability of the Wassermann reaction is undoubted and 
many theones of its rationale have been advanced. The i 
probable one is tbot.'^m^^hijis, as a_resuU of the deslruclh® 
effects of the spirochtete, abnormal lipoids are set free in the body- 
These act as*haptens^nd, m conjunction with some normal body 
: protein, stimulate production of antibodies. In the Wassej' 
mann and flocculation tests, these antibodies react with the 
in the antigen to cause either complement fixation or jlogcuLafl'3"' 


CHAPTER XX 


HYPERSENSITIVITY 

Theje rmjiypersens itivit y is applied to a group of conditions in 
which there is a reaction, the wji^ole bo^ or of a_particu- 

lar tissue, to some substance which does not normally give rise 
to any reaction. These conditions include anaphylaxis, idiosyn- 
crasy or atopy, and allergy but unfortunately there is no general 
agreement concerning the precise meanings attached to these 
terms. 

..>v\Ve propose to restrict the term anaphylaxis to the condition 
occurring m experimental animals and, rarely, in ma^s a result 
of the parenteral administration of a foreign protein mto a bod y 
sensitised by a previous introduction of!Jhe_same s ubstanc e^. 

-1 Idi osyncrasy or atopy_are the terms we apply to the condition 
of abnormal sensitivity occurring m man to a variety of substances 
introduced naturally and not by injection. 

Allergy i s here confined to.hypersensitivity to bacterial product^' 
resulting from infection with bac teria or, more rarely, from the 
arlificiallntrdduc'tidn^f them or the ir products. This was the 
original meaning of the term and, in our opinion, is still the 
correct one, but allergy is now commonly used, especially in 
popular language, as applicable to almost all forms of hyper- 
sensitivity. 

Anaphylaxis 

As has been seen in the preceding chapters, the tendency m 
immunity is usually towards the protection of the animal from 
injurious substances. When we inoculate an animal with a small 
amount of a bacterial toxin, that animal produces a substance 
(antitoxin) which will neutralise toxin subsequently injected, and 
so will protect Its cells from injury.’< ^n_the phenome na which we 
art now going to examine, the riement of T»TDttction _seems io 
be absent. 
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The fundamental facts of anaphylaxis are easily stated. If a 
guinea-pig receives an injection of a protein suc h as horse seru m. 
whether intravenously, intraperitoneajly, or subcutaneously and, 
after a period of from 10 to 14 days, another injection of the same 
substance, a violent reaction occurs almost immediately, fre- 
quently with fatal result' T.*’- tn 

n oticed is that the substa • . • " ' 

itself, be toxi c. A single • !’ "'‘V . . " 

amount, is in no way injurious to a guinea-pig, out the effects of a 
second injection are similar to those produced by some violenlly 
toxic substance. The animal , as a r esult of the firs t injection. alUr 
latent period , becomes sensitive or anaphylactic towardsjh e 

‘v ' " '• 


for example, will not act as an anaphylaciogen. The initial iiuw- 
tion is known as the^ ^nsitisinc do se: that which produces the 
reaction as the t eacting, the ji naphyla ctic o r .the.shock do se. 

The guinea-pig is the animal most susceptible to.anaphylaxjs, 
the rabbit and dog being much less so, whil e man is, luckily for m u- 
sel ves, but very sli ghtly susceptibl e. Much of the experimental 
work in connection with anaphylaxis has, therefore, been done 
with guinea-pigs. ^Ti e dose of foreign protei n necessa r y to sen si- 
tise a guinea-pig is very small: one thousandth of a milligram of 
crystalline egg albumin may suffice. If another injection is made 
within a week, the animal is unaffected. It does not become 
anaphylactic for at least 10 d^ s and, if the sensitising dose 
large, the necessary latent period before the anaphylactic condi- 
tion is established is still Ionger.» ^he re acting dose must be oL 
considerable 5ize — at least one hundred times the sensitising dose 
when the latter was very small. It may be administered by .00 
route, but it js most rapid in action and a smaller amount suffices 
if*Tl is given intravenously, ‘^e^condition of sensitivity,. 
established, persists a considerable Jime — in guinea-pigs for 2 
years or more. ✓That the reaction is due to the production o^n 
antibody is suggestS'by th^ latent p^iod and by the fact that the 
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injection of a small amount of the serum, of an anaphylactic or 
, immune animal into a nonnal one renders the latter passively 
anaphylactic. Passive anaphylaxis is also found in the offspring of 
an anaphylactic mother.,^ 

The relation between the anaphylactogen and its antibody is 
strictly specific, a guinea-pig, sensitised with horse serum, will give 
no reaction if human serum is subsequently injectcd.v^he exact 
effect of the reacting dose depends to some extent on its amount 
and on the route by which it is administered An acute reaction is 
generally produced with rapidly fatal results when a sufficient dose 
is given intravenously, intracerebrally, or intraperitoneally. With 
the subcutaneous route, the reaction is usually less acute. 

An exact description of acute anajihyl^xis is difficult, since 
each species of animal is differently affected, •^^ry substance 
causing anaphylaxis will produce exactly the same symptoms m, 
the same species. Horse serum, egg albumin, or vegetable protein 
cause precisely the same phenomena in gumea-pigs, but the effects 
of horse serum on a gumea-pig are very different from those of 
the same substance on a rabbit. 

' A guinea-pig, almost immediately after the reacting dose, 
becomes restless and soon collapses with lowered temperature, 
urine and fasces being passed. The most marked effects are, how- 
ever, on respiration, which becomes embarrassed and slowed, and 
finally ceases with the’^hest wall immobilised in the position of 
full inspiration. The heart may continue to beat for some time 
after theTailure of respiration. There are spasmodic twitchings 
of the limbs, retraction of head and general convulsions "^Death, 
which may occur within 1 minute of the injection, is due chi^ to 
cessation of respiration caused by '6ctrcme' contraction of the 
plain muscle in the walls of the small bronchioles. In rabbits and 
dogs the outstanding feature is the great fall in blood pressure due, 
apparently, to abdominal vaso-dilation. 

In all animals the appearances are similar to those produced by 
hystamme and consist csscntsally of contxacUon oC plain snviscle 
and d ilata tion of_caplllaries. “ ' 

^ The /Wthus_reaclipn, which is_a slightly different form ^ 
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anaphylaxis, occurs in a rabbit submitted to repeated subcutaneous 
injections in the same situation with a foreign protein such as 
horse scrum. After a few injections have been given, local 
r eaction, signified by the production 'of cedema, occurs. The 
reacdons become more and more marked with each succeeding 
, injection and ultimately a firm indurated swelling, in which 
^necrosis may occur, is produced. 

De;;sensitisa^mn _or anthanaphylaxis may be produced in 
^two ways: - 

'h' If the animal recovers from acute anaphylaxis, it is insensi- 
tive to further injections for some time. 

^ Anli-anaphylaxis may also be established by the administra- 
tion of a second injection within the latent period if this injection 
be not given within 2 days of the sensitising dose. "'If repeated 
injections are given, a refract ory.statejs developed. 

The anti-anaphylacti'c condition is only temporary, and does^ 
notjast more than 3 weeks in the 'guinea-pig. vt]«'serum of.M 
’ anti-anaphylactic animal Is capable, occasionally at least, 

• rendering a normal animal passively anaphyfactic. 

It ts alm os t certa in ♦*— **••> 

is^he productionjof • . ■ 

d<^e. Thfsls not, ho\ .* .* • . • ’ ’ * 

^an animal may becc • . . ; ,, _ ■ 

^established immediatejy. When serum from the anaphylacU'c 
animal is injected, ajatent interval o_f_some hours is necessgry m 
the case of the guinea-pig, but a shorter time suffices with rabbits 
and do^. The simult aneous injection of anaphylactic serum and 
anaphylacto^n.is without effect.-« 4^urth er, the semmjs shqr^JlS^ 
to be the only factor Jiy an ex^riment in which the blood of a" 
anaphylactic dog was removed and replaced by that of a normal 
'animal, a typical reaction occurred on the injection of the 
anaphylactogen. 

The most probable theory devised to explain anaphylaxis » 
that of Dale, who rega^^ anaphy.l axis..as a condition preceding^^ 
complete immunisation.*^s,the result_of-the first injection n* 
fo.--:.-" blood stream, butjrc 
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removed from the blood subsequently and are anchored in or on 
the surface of tissue cells.vl»recipitins contained in the serum of 
another animal are, after the serum is injected, sunilarly removed 
from the circulationfv ^he n t he re acting_d ose i s ^^ministered S 
precipitate is form ed in or o.n_th e_ceUs ,_aDdjtJS,lhis..pr ecipjtat e 
V ■ * _ ' ' . ’ , ’ ■ . ■ ■ Im 

t ■ ' • _ 

I ‘ ■ 


to" cause symptoms but not death, all the anchored precipitin is 
used up, and a further injection causes no precipitate. ✓ Th_e 



and has the further advanuge of bringing it into line with the 
other facts of immunity. 

Tn many persons the injection of a foreign serum produces a 
condition known as “seLum sickness ”, in which, after a period of 
from several days to 2"o^HveeIcsran urticarial eruption appears 
with some tedema, pyrexia, albuminuria, pains in the joints and 
glandular enlargement. «j. These symptoms mav occur after a.iir st 
tni ection of the serum . Serum sickness is a very common sequel 
to the administration of therapeutic serum, reactions occurring 
more frequently and being more marked in individuals receiving 
a large amount of serum intravenously than when the dose is 
small or when some other route is employed. t/ Yhe essentia l 


since It is now known tnat ^races-ouoreign prmeiii leinuiii in me 
c irculation for a m uch longer ti me than was formerly realised? 
Antibodies may have~developed before the foreign_pjPtein _h^ 



ment of scrum sickness. 
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anaphylaxis, occurs in a rabbit submitted to repeated subcutaneous 
injections in the same situation with a foreign protein such as 
horse serum. After a few injections have been given, locaJ 
rea ction, signified by the production ‘of oedema, occurs. The 
react ion s become more and more marked with each succeeding 
y injection and ultimately a firm indurated swelling, in which 
^necrosis may occur, is produced. 

^ ,/ De:sensftisafion or anti-anaphyiaxis may be produced in 
^ two ways; - 

^1.' If the animal recovers from acute anaphylaxis, it is insensi- 
tive to further injections for some time. 

Anti-anaphylaxis may also be established by the administra- 
tion of a second injection within the latent period if this injection 
be not given within 2 days of the sensitising dose. ^ If repeated 
injections are given, a refrac tory state is developed. 

The anti-anaphylactic condition is only temporary, and does^ 
not jast mprg than 3 weeks ini the'guinea*pig. *TheTenim of.an 


anti-anaphylactic animal is .capable, occasionally at least, oL 


» rendering a normal animal passively anaphylactic. 

lt_is alm ^ost c gr lain that.the_fundamental factor. in anaphyla^ 
is£he produc^on^of som e an tibody asjijesult pfjhe sensitising 
doje . THrs’n'notjlTowever, the complete explanation, for alHiou^ 

^ an animal may become anaphylactic passively, the_state is rpt 
^ established immediate. When serum from the anaphylactic 
animal is injected, ajatent interval of some hours is necessary la 
the case of the guinea-pig, but a shorter time suffices with rabbits 
and dogs. The simultanepusjnjection of anaphylactic serum and 
anaphylactogen.is without effcct.- 4^urth er, th e s erum is sh ownj lS^ 
to be the only factor Jjy an experiment in~which the blood of an 
anaphylactic dog was removed and replaced by that of a normal 
'animal, a typical reaction occurred on the injection of the 
anaphylactogen. 

The most probable theory devised to explain anaphylaxis is 
‘ that of Dale, who rega^^ anaphy laxis-as a condition.precedmSj^i; 
complete immunisation.*' As^the.result.of the first injection rif 
foreign protein, precipitins appear in the blood stream, biit^sK 
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^cQus membranes with excess secretion of tears and nasal mucus 
It seems advisable to group these conditions together and to 
separate them from anaphylaxis. Further work may, however. 


sensitive to a number o^^bstances, and i n sufferers from-hay 


examples of hypersensitivity as being special types of anaphylaxis 
v/The sensitivj ty of a person to any suspected substance can be 
tested either by a small intradermal injection of a solution or 
extract of the material or by inflicting a scratch on the skin and 
applying the substance. A positive result is shown by a red flush 


increasing doses. 


^ Alle^y 

T he term, Allergy which, unfortunately, is used in very different 
senses by different writers, is here confined to the condition of 


the bacteria themselves. Its best examples are seen in the tube r- 
cuhn and other simitar reactions. The mechanism of allerg y 
appears to be quite distinct from that of the local manifestations 
of anaphylaxis or idiosyncrasy. In the former. J he re action js^f 
an inflammat ory_nature, and in the latter vasomotor disturbances 
explain the resulting hypencmia and oedema. 
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Occasionally alarming symptoms, which may closely resemble 
anaphylaxis and which may have a fatal result, \cry quickly 
follow a first injection of scrum. It seems impossible to explain 
such phenomena as has been done in the case of serum sickness, 
since symptoms occur almost immediately and, for the present, 
they must be considered as examples of idiosyncrasy. 

Sensitivity to serum (whether natural nr ananhvlactic^ may be 
tes ted ^ applying n 1 : 10 dilution of the scrum to a scratch or by 
the intradcrmal injection of 0-2 ml. of a I : 100 dilution of the 
/ scrum. In the sensitive, an urticarini patch or wheal, surrounded 
by an erythematous Irca, appears within half an hour. It is stated 
^ that desensitisa tion can be accomplished _by injecting 0 1 .ml, of : 

I ; 100 dilution of the serum subcutaneously and douWing thi 
^ amount every ha!f*hour, but it is rather doubtful if this proccdjjn 
would succe^. If serious symptoms develop as a result of an) 
^injection of scrum, 0-5 ml. of a 1 : 1000 solution of adrenalir 
chloride should be injected subcutaneously without delay as ii 
usually lessens the severity of (he attack. 

7’ • " ' \ • •. .• •’ • — '-^‘“tereactior 

I ^ d ^^boQlJ 

^ ^ • .atmentb) 

\ serum i n any case.jequirin g it. »/*rhc rarity of the condition is 
^showiT 6y thelhct that, in'thc 7914-18 War, despite the millions 
of doses of serum administered, only forly»nine cases of so-called 
anaphylaxis, with twelve deaths, were recorded among the 
wounded in British hospitals. 

Idiosyncrasy 

— » 1 — — 

dusts), or applied to th ^skin (certain plants such as primula) 
reactions may be associated^with the ‘Respiratory tract giving rise 
to'an asthmatic attack', th dcas t ro-int estinaLtract causing vomiting 
and diarrhoea, sldn producing urticaria or erythema, andj^ 
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Lactobactenacese 

Streptococces 

Diplococcus 

Streptococcus 


Lactobacilles 

Lactobacillus 

; Corynebacteriace® 


Corynebactenum 

Listeria 

^ Achromobacteriace® 


Alctiligenes 

/ Enterobactenacc® 

Escheriches 

Escherichia 

Aerobacter 

Klebsiella 


Prote® 

Proteus 


Salmonelle® 

Salmonella 

Shigella 

^ Parvobacteriace® 

Pastcurelles 

Pasteurella 

Malleomyces 

Actinobacillus 


Brucelle® 

Brucella 


Bactenoidex 

Fusobactenum 


Hsmophile® 

Hamophilus 

Moraxclla 

. Bactenace® 


Bacterium 

,r Bacillace® 


Bacillus 

Clostridium 

Actmomycelales Mycobactenace* 


Mycobactenum 

Actinomycetace* 


Actinomyces 

Spirochstales Treponemaiace® 


Borrelia 

Treponema 

Leptospira 


The outstanding characteristics of the various genera are given 
below and, as examples, the full name of one y>ecies together 
with the name used m this book when this differs from the one 
given in the Manual. 

Gram n ggativft, pnn.<pnrinp» jods: usually motile: 
acroolc produce water-soluble, greenish, fluorescent' 
pigment" chiefly found in soil and water some are 
parasitic 

' Pseudomona3_arruginosa{Pseudomonas p)0C}anea) 

* Gram_ negative, nonjsporing, short, curved rpds, 
occurring singly or united into spirals motile by 
single polar flagellum aerobic chiefly found in 
water some are parasitic 
Vibrio comma {Vibrio cholerac) 

Gram negaUve, non-sporing, long, spiral, rigid organ- 
isms motile by tuft of polar flagella* aerobic chiefly 
found m water some are parasitic. 

Spirillum minus 

Gram .positiye, n on-sp onng, non^otile spheres: 
'dhiskin occurs to two or three planes* aerobic, many 
species produce pi^enis. mostljLparasitic. 
Micrococcus pyogenes {Siaphylococeus p^vgenes). 


Pseudomonas 


Vibrio 


SPIRIU-UM 


Micrococcus. 


CHAPTER XXI 


THE CLASSIFICATION OF BACTERIA 

In Chapter I, bacteria were divided, on mor phological grounds, 
into five classes — cocci, bacilli, vibrios, spirilla and spirochstes 
Important as morphology is, it is not the only basis of classifica- 
tion and, in the case of bacteria, other methods must be employed 
to distinguish genera and species. Unfortunately there is little 
general agreement as to the criteria to be adopted for this purpose. 
The most widely followed classification is that given in 
Manual of Determinative Bacteriology (SUth Edition, 1948) a brief 
outline of which follows. 

Bacteria alt belon g to the Class S chizomycetes. The class is 
divided into Orders, the orders into Famill es7^c families either 
into Tribes and these tribes into Genera o7 directly into genera 
and the genera into Species/For the identification of a particular 
organism it is only necessary to give the genus and species. The 
genus is placed first and its name is written with a capital letter. 
The name of the species, which is placed second, is written with 
a small letter. 

In the following table we give the chief o'rdere, families, tribes 
and genera which conUim species of medical interest. These 
represent only a small proportion of the whole, since medical 
bacteriology is only one branch of the subject. Abiios^,tw2'^ 
hundred genera are listed in the Manual. 

CLASS Schizomycetes 

ORDER FAMILY. TRIBE. OEKUS 

Eubactenafes i Pseumomonadacea? Pseudomonade® Pseudomonas 
Spinlles Vibno 

SpinJtum 

■ MicrococcacesB Micrococcus 

GafTJcya 
Sarcina_ 

^ Neissenacear Neisseria 
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Klebsiella. C 


as sole source of carbon: parasitic 
Klebsiella pneumonue (Bacterium pneumonue). 

Projeus ^ Gram negative, non-snoring, rriotile rod s- ‘‘swarming*.' 

. growth on moist media' lirfflTecTTcnnentatlve powers 

with littIe _oiiiw,gai‘ u rea d ecomposed, some liquefy 
gelatin: some are parasitic. ' 

Proteus \ulgans 

Salmonella T ' ' ■ . • 


Shigella 

I 


f orm in dote parasitic. 

Salmonella schoiimuelleri (Salmonella paratyphi B) 

limited 
do not 


EASTEURELLA 

Malleomyces 

ACTINOB^CtLLUS 




hUSOBACTERIUM 

Hamophillis 


MORAXELLA 

Bacterium 


Gram negative. non*$poring, non-motile rods: bipolar 
staining aerobic slight fennentativc capacity gelatin 
not liquefied parasitic. 

Pasteuiellapesns 

Gram negative. non>$poring. non-motile rods with 
tenden c y lo for m filaments and Jo show branching: 
parasitic 

Malleomyces mallei 

Qram negative, non»sporing, non-motile rodsi ^leo- 
mornhic.' aerobic' m tissues form aggregates resembl- 
ing granules of actinomycosis parasitic 

Actinobacillus ligmeresl 

$3ram negative, non-sponng, non-motile short rods 
capAiihte d. no fermentative capacity parasitic 

Brucella melilensis 

Gram negative, non-sponng, non-molile, long, tapering 
rods irregular staining anaerobic, parasitic. 

Fiaobacierium plauti-Mncenii 

Cram negative, non-sponng, non-motile rods normally 
very small but may form threads, require enriched 
medium parasitic 

Iliriimphilus Infiuenzte 

Gram negative, non-sponng, non-molile, small rods. 
acfobrc*“parasiiic 

Moraxella lacuitata 

Gram negatne, non-sponng rods. 
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Gaffkya . 

S arcina . 

Neiss eria. 

Diploc occus 

SXREPIPCOCCUS. 

LACrOflACiLLUS 

CORJJJEBACTERIUM. 

Listerja 

Alcaugenk 

Escherichia 

Aerobacter 
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Gram .positive, ^porin g_or_non-sponng. non-motile 
sphe^i occur typically in packets of eight: aerobic 
or '(microaerophiiic: usually produce pigment 
saprophyiic.a’nd parasitic. 

Sarema lutea. 

C ' , • occur 

■^^ched 


Neisseria gonorrhara. 

Graowposi^live, non-sporing, non-motile spheres or 
ellipsoids: occur in pairs or' short chains sorpe -an 
capsula ied. aero bic orVanaerobic some require 
enriched media’ ferment carbohydrates; parasitic 

Diplococcus pneumomte. 

G . ' ’ 

y 


Strepiococcus pyogenes. 

Gramj)Q*Bi^, non-sporing, non-motile, long, slender 
rods’Wicroaerophiiic: ferment carbohydrates: some 
parasitic 

Lactobacillus acidophilus 

Gr am ^ p ositive, non-sponng, non-motile, slender, 
straignP or slightly curved rods: ends frequenily 
pointed or club-shaped, banded or beaded with 
metachromatic granules: arranged in pairs parallel or 
at anglc’^aerobic; parasitic. 

Corynebacterium diphtherii r. 

Granvpositive, non-sporing, motile, small rods, aerobic, 
parasitic. 

Listeria monocytogenes 

Cram negative, non-sporing. jnotile. or non-motile rods 
non-fermenting, mostly occur m soil or water. 

A Icaligenes /tecalts. • 

C ' ■ . lotile rods 

producing 

’ ' produced 

id may oi 

may not act as sole source of carbon: parasitic. 

Escherichia eoli {Bacterium coll) 


carbon, sapro phy tic, dc. parasitic 
Aerobacter aerogeites {Bacterium aerogenes). 
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The student should note the different meanings of bacterium 
and bacillu s according^s these words are written with initial 


bacilli^ 

Several of the more frequently occurring bacteria are known not 


only by their full scientific names but also by common or vernacu- 
lar names. As examples of these we may give — the tubercle 
bacillus, the pneumococcus, the gonococcus and the meningo- 
coccus. There can be no objeclion to this convenient usage which 
IS unlikely to give rise to any doubts as to the precise organism to 
which reference is made. 
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Baollus. Gram pos itive, .snoring, motile^r^non-motile rods; 

mhyoccur in chains: may sgcjulafed: in soil and 
decomposing organic matter. aeroHc: some are 
parasitic 

Bacillus anthracls. 

Clostridium C •* .*•* • ‘ . 


Mycobact erium . Gram. , positiv e. aad-Jast, ncn-sporing. n on-mpjjl e. 
' '* straight or slightly curved rods: often stain linevSI) 

aerobic; some grow very slowly; some in soil, Miff 
and vegetation; some parasitic. 

Mycobacterium tuberculosis. 

ASUtipMYCEs. • ■ ■ ■■•''' nusti/iffi 

" • . r size 


STREPTO^n’CES 


BOR REUA 


Mycelium not fragmenting: conidia borne on spofo 
occur in soi). some parasitic. 
Streptomyces griseus. 


TREPONEsfA b^n-sporing, motile . long, fine, spiral, non-nP^ 

organisms* lerminal filament present: stain ’"iw 
di^ulty. anaerobic^ if capable of 
parasitic. 

Treponema pallidum. 

Leptospira Non^sponng, motile , long, fine, spiral. 

organisms: one or both ends bent into hook; s^ 
with difficulty; aerobic: require ennched media* ui 
water and parasitic. 

Leptospira leterohcemorrhagice. 


In this edition of the Handbook^ \ve employ the majority of tte 
ne wer g eneric., names given in Bergey^il/rzni/ff/. We have 
loYioweh Sergey’s \ea6 as re^trls certain organisms and 
larly some of those formerly included in the old genus 
and now, by him, distinguished by the new generic nanism 
Escherichia, Aerobacter and Klebsiella. .We have, as a matter o 
convenience, temporarily included these in the genus Bacteriuf^ 
until such time as there is more general agreement as to the vanou« 
genera to which they should be allocated. 
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{•rtlrtTiv Aft^r 94 IifMirc* omwth pnlmir nf flip prtinnv tnfjv hp 

much more readily than others. For the develop ment o f th e 
co lour, said to b e a lipochrome, oxy gen is essentia l. Pigmentation 
IS usually more intenT^n cultures grown at 25° than in those 
incubated at body temperature. A good pigment-producing 
strain, when kept m culture for some lime, may gradually lose its 
power of producing pigment. On an agar slope , when profusely 



Fio 45 . — Staphylococcus pyogenes TV.OM 
Agar Cultorb (x 950) 


>pread, the staphylococcus gives an abundant growth with a 
^lnooth shining surface. On blood-a gar, the colonies resemble 
those on ordinary agar, except that they may be slightly larger. 
Surrounding ea ch colony is a clea r zone of hgmoly sis. With some 
strains the zone maybc'veiy^mdc, with others narrow or absent. 
, Cultures on solid media have a very typical od our. 

Staphylococcus pyogenes produces an enzyme, gelat inase, which 
y/li^uefies^gelatin. In a stab culture , liquefaction commences 
around the stab and progresses xirAW \be whole of the medium 
becomes fluid. 


HB— s 




CHAPTER XXII 


STAPHYLOCOCCI 

Staphylococcus pyogenes {Micrococcus pyogenes) 
Roscnbach, 1884 

This organism is the most important of the genus Sioph}^o 
coccus. The individual cocci are spherica l when occurring isolated 
but, when in groups, inay have ^heir'' adjacent sides some'vta 
flattened. Their averag e size is from.OJ?,t o^O 9 {i; but cxceptiona 
forms, both larger and smaiiei% may be observed. Carefu 
examination frequently reveals that the brger cocci are tbp S' 
\^ ich are about to divide . . 

ji/ In PUS , the cocci occur most typically inTrree ular ma sses 
which^have given thejiame to the group; but single cocci, of tbos 
in pairs or short chains of three o*r four, are frequently seen. lai 
fresh specimen of pus from an acutehslon many of the leucocyte 
will be seen to have phagocyto sedjane or_more cocci. The cocc 
stain well with the basic aniline dyes and retain The stain u 
Gram’s method. S taphylococcus pyogenes is non -moti|e and dc^ 
not form spores. 

'TKs coccus ireasy to cultivate on any of the common labori' 
tory media. It grows at tempera tures between 12° and 43°, tb 
optimu m being about 37° . 

On an agar plate the colony has the shape^of a segment of a 
s^ere, with smooth shining surface_and even outline. Consider 
able variations in size may be observed, the largMt having ^ 
diameter of 4 mm. There is little tendency for the colonies tc 
coalesce, unless the plate has been very thickly spread 
material, but it may be noticed that, in the more crowded ® 
the plate, the colonies are ^ry much smaller than where over 
crowding does not occur.'Ahe strain of the organism and the typ' 
of medium used have also a marked effect on the size of tbi 
256 
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and for the leucocidin but not for the entcrotoxm or the coagulase 
may be produced by the immunisation of animals. 


Staph, pyogenes is the commonest cause of pustules of the skin, 



Stjrlijlixwtus •ureu«,Collirgol prrranllon. Prof Dr A Orumbach. Instltulrof nrslroi*, ZQricI 


coccal osteomyelitis and cDdoca^diilS essentially similar to the 
coiresponding conditions in man. , 

Staph, pyog enes spre adsJifCTtly or indirectly- from ma n to m an^ 
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In broth, the Stapylococcus pyogenes grows well and cans 
g eneral turbid ity. In a stained preparation of a broth cultu re, 
cocci are found singly, in pairs, or in short chains and, but rai 
in clusters. *^fter a few days a p ellicle fo rms on the surface ol 
broth and a yellow or brown deposit of cocci collects at 
bottom of the tube, •firoth, free from fermentable carbohydn 



hi! 

1 ,. 

lit: 

dli 

uii 


temperature of 90® to kill it. When moist, 10 minutes’ expo: 
at 65® is usually fatal. 

Staph. pyq g^esjiyoAucts ^umber of.loxi ns of which a ■ 


man: it is rigidly lethal to experimental animals on intraven 
iniection.'-'^h e B t<pxin i s less important in human pathology t 
is the a toxin: intravenous injection of animals causes death a 
an interval of days or even weeks. Both thes e toxi ns arej^gj 
lytic . > ^eucocidi n. as its name implies, Jall&Jfiucocytes: it h 
important adjunct to the other toxins as it prevents. invad 


ice cream and custard. On ingestion of the food, ^vomiting, w 
orwifhout drarrhaa, is produced. ^Coagu/a^e and'My&U^Qp^ 
'although not, in the strict^ense, toxins, may be qfjmportaoce 
tfie causation of character i stically st abhylococcalJesiops. T 
toxins are best prepared by growing the organism in “slog£ 
agar (nutrient agar diluted _witlubroth}_in an atmosphere contS' 
ing 10 to 20 per cent, of CO^ App'toxins for the a and p toxi 


THE KILLING AND DISSOLVING OF BACTERIA 239' 
the.serum of all normal aniroals. It is not a simple substance but 
a complex of at least four different component^ Unlike antibody; 
comple ment does n ot increa se in amount duri ngjmmumsatidn* 
^ and mstaWe. ^ 

If fresh serum is kept frozen, the amount of compleme nt present 
falls slowly and useful amounts may still be Resent after several 
months. The higher the temperature the more rapid is the rate of 
disappearance of complement. None may be detectable in serum 
kept at air temperature after a few days, at body, temperature 
after a few hours or at 55® after a few mmutes. > Antibodies are 
veryJittLe_aJfected.by.temperatu res u p to 55®: m the refrigerator 
they may show no diminution in amount after many years. 

When susceptible bacteria are acted upon by serum containing 
antibodies and complement, the organisms may not only be killed 
but may also be partially or completely dissolvedH ^e antibodie s 
which, in conj unctio n with-cp mple ment,. cause^ dissolution .o f 
bacteria* are cal[ed''^actenolvsins_b ut they are identical wUh 
bactencidins and, indeed, with somatic antibodies in general. 

Whether bacteria, after bemg killed, are dissolved or not 
depends more on the bacteria themselves than on the antibodies. 
Some bacteria (eg. Bact. coh) a re resistant to the lytic action of 
antibody and complement and so their bodies, after death, are not 
dissolved; others (g. g. vibrios) arc dissolved almost immediately 
they are killed. 

When red blood cells, spermatozoa or cells of the liver or kidney 
of an animal arc injected into an animal of a different species, the' 
latter produce^ ^tibodies p^tnivcina which dissolve these 
cells. The cytolysins acting on red blood cells, which are known, 
as hsmolysins, have been the most extensively studied. Hsmo - 
l;^ns^so occur naturally, the sjra of animals of some specie 
having tRe power of dissolving the red blood cells of certs" 
other species, y ^ 

s ■ ■ ' . ^ 

a • ■ ..r. 

hxmolysis, an apparently clear solutioo of hanesriv ’ 
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In brotl^ the Stapylococcus pyogenes grows well and causes a 
general turb jdity. In a stained preparation of a broth cultu re, the 
cocci are found singly, in pairs, or in short chains and, but rarely, 
in clusters. *^fter a few days a p ellicle fo rms on the surface of the 
broth and a yellow or brown deposit of cocci collects at the 
bottom of the tube. *©rolh, free from fermentable carbohydrates, 

I j • ' '1'f.carhfllixdraf^^' 

. ■ • . . . e, mannitol, jnd 

I , ■ . ■ . *_ . ■ dv erse, co nditions 

thanjhe ma jorit y of n on-s poring bacteria... It retains its vitality 
for months when dried and, in this condition, may require a 
temperature of 90® to kill it. When moist, 10 minutes’ exposure 
at 65® is usually fatal. 

p^duces a number of. toxin s of which « and 


man: it is r^idly lethal to experimental animals on intravenous 
iniection/^h e p toxin i s less important in human pathology than 
is the a toxin: intravenous injection of animals causes death after 
an inte^dl of days or even weeks. Both these^tqxins arejtaemo-j 
lypc. t ^eucoadm , as its name implies, kills-Jeucocytes: it h af , 
important adjunct to the other toxins as it prevents inyadml 
staphylococci frqi^being ingested and killed by pdymoiph?' ‘ 
nuclear leucocytes ^nterotoxin, which is responsible for staphylo* 
cqccaLfood poisoning, is produced when the organism grows ifl 
food rich in carbohydrates and fats suclTas confectionary, cream- 
ice cream and cuHard. On ingestion of the food, ^vomiting, 
or without diarrhoea, is produced. ^oag ulase and J ivaluronidas e 
''although not, in the strict^ense, toxins, may be qfjmportanceJt 
lEe causation of charac teri stically st aphylococcalJesioB^- 
toxins are best prepared by growing the organism in * ’slopEl 
agar (nutrient agar diluted witIybroth),in an atmosphere contflim 
Mng 10 to 20 per cent, of CO ^ AoXUaxin^ for the « and p toxins 



S{»f>h}liir<wuj jurfus CoIlarBylpfriunitlOB, PntT Rr A Ortimbtch Ilfgh-ar, ZSc 

coccal osteomyelitis and endocar(iU>s essentially similar to the 
corresponding conditions in man. , 

Siap/i. pyos ^nes sp rea^^ Hircftly nr inHifectly from ma n to m an^ 



260 HANDBOOK or BACTERIOLOGY 

The source may be a human being sufTering from an open lesion- 
carbuncle, boil or pustule — but is more usually a^ealthy h uman 
carrier. In the carrier condition the organism may be isolated 
from the"antcrior narcs or, less frcqucntlyj from the apparently 
/ normal slon. Almost all skin carriers (who may amount to from 
10 to 20 per cent, of the population) are also nasal carriers. Not 
all nasal carriers (30 to 50 per cent, of the population) are skin 
carriers. The carncr^ondition, once established, may be of very 
long duration. — - . - _ 

When a "Staphylococcus has been isolated from a suspected 
carrier or from a lesion with mixed bacterial flora, it may be a 
matter of great importance to determine whether it is a ^ph- 
pyogc/iM, that is a staphylococcus pathogenic for human beings. 
A pathogenic Staphylococcus is usually well pigmented, hsmo; 

^ lytic, mannitol-fermenting and gelatin-liquefying, but by far 
the best method of determining the •pathogenicity of a 
strain is to apply the coagulase test Almost without exception, 

f coagulase positive staphylococci arT palhogenic and pathogeniT 
staphylococci are coagulase positive. The test is best applied by 
adding to 0-5 mi. of a 1 : 10 difution in saline of citrated or 
oxalated human plasma, 5 drops of a broth (not glucose broth) 
culture of the organism and incubating for 2 to 3 hours. A coagu- 
lase positive Staphylococcus so tested •causes the plasma to 
coagulate provided a suitable sample of plasma has been em- 
ployed. Only by testing with a known coagulase positive S’mpAyh’' 
coccus can a suitable plasma be selected, v^he results are litf^ 
inferior if a colony of the organism to be tested is suspended m 
the dilute plasma. 

Although it is possible by serological means to distinguish 
^ fhree or m ore distinct typesJiLSlaphi pyogcugs, this method of 
tyjiing is scarcely adequate to assist in tracking the source of 
infection to a previous case or carrier. Phage typ ing by methods 
similar to those used m the typing of Saint, typlu are much more 
promising, over 20 t ypes having so far been distinguished. While all 
the technical difficulties have not yet been overcome, there is Utile 
doubt that the method will be of increasing value in the future. 



STAPHYLOCOCCI 


261 


Much of the wpjJt^tion of vaccine therapy was based on the 
indoubted success of staphylococcal vaccin^ m the treatment of ' 
>oils and other stapylococcal lesions and, even more, in the 
arevention of their recurrence. A later development was the 
employment of staphylococcus toxoid, prepared by treating a n 
;oxtc filtrate with formalin. Treatment of acute infections with 
antitoxic sera, while occasionally of value, was never as successful 
as might have been expected. 

^ Sulphanilamide hgs very little action on Slaph pyogenes but 
some of the newer sulphonamides arc undoubtedly of value in the 
treatment of staphylococcal infections Owing to the almost 
spectacular success of "iwnicmin in combating Staph, pyogenes in 
the body, there should be no hesitation in employing this antibio- 
tic in preference to sulphonamides. Since some 10 per cent, of 
strains are relatively or completely resistant to pemcillm, the 
infecting strain should be tested for sensitivity prior to treatment 
For the treatment of infections with penicillin-resistant straipi 
streptomycin, Chloromycetin or aurcomycin may be useji 

Other Staphylococci 

Many staphylococci, other than the coagulase positive Staph 
pyogenes, may be found about the human body, particularly in the 
nose and on the skin. These include Staph, albus, Stapli. cilrei^ 
and Staph, epidermicii^ These arc all coagulase negative and, for ' 
the most part, fail to ferment mannitol or to liquefy gelatin. On 
* agar, the colonies of Staph, albus are white and those^f Staph, 
cilreus lemon yellow. Staph, epidemudis grows more slowly than 
the other staphylococci and produces smaller colonies These 
organisms are not completely devoid of pathogenicity although 
they are much less aclisely pathogenic than StaphT pyogenes. 
They may be responsible for complications in lesions caused 
other bacteria, for delay in the healing of wounds and for such 
minor inconsenienccs^as stitch a bscgjses. 

Gajfkya tetragena, g Gram posj^he cotcus, frequently capsul- , 
atc^and occurring most characteristically in regular groups of . 
four (tetrads), despite its differences from staphylococci, may be 


HANDBOOK OF BACTERIOLOGY 


262 

considered with these organisms. G. fetragena is definitei) 
a lthou g h no t very activ ely, pathogcujc. It is occasionally respon; 
iblc for meningitis, empyema and other types of inflammatio 
and has even beeiTisolated fro m the blood stream. It is, howc^ei 
J more commonly a secondary invader of tissues damaged by mor 
I active p athogens. It is not infrequently found, for example, ii 
the sput um in phthUis-fTA ). 
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C -jSi 

1 - / 

Cocci which divide in only one plane, producing c^ins__of^ 
adherent organisms, are called streptococci. It should be realised 
that the term is purely a morphological one and that the species 
of this large genus have different cultural and biochemical 
characteristics and differ widely in their natural habitats and 
pathogenic properties. \i 

A very important method of classifying streptococci is accord* , 



defined zone of hsmolysis: the*^ streptococci gjv^se to wide^ 
zones of clear hamolysis around their coloni«: the y streptococci 
do not cause any alteration m the medium. A^ery commonly, tlie 
slight hamolysis produced by a streptococci is ignored and 
streptococci are described as hamolyti c (^) or non-hamolvtic 
a an d y) The term Streptococcus viridans is often applied to a 
streptococci but, as this name is not valid for any species, it is^ 
preferable to refer to these organisms as viridans streptococci. 

Classification by fermentative capacity was used, not very 
successfully, for a time, but has now*^en almost completely 
replaced by surer serological methods. 

, Serological methods of classifying ^streptococci have been 
applied c hiefly t o hamo l ytic stry tococcl and among these the 
strains which are pathogenic for human beings have been most 
intensively studied. 

Lancefjcld discovered that it ivas possible to extract from 
streptococci a polysaccharide hapjen./ inhe_clear serum of an ' 
animal immunised against a partiralar strain of str c ptococcur is 
263 


" 264 HANDBOOK OF BACTERIOLOGY . 

mixed \vith a clear solution of the polysaccharide extracted from 
^ J streptococci oOhe same, strain, a precipitate forms. All other 
’ streptococci, the extracts from which are preci|Jltafed Jjy tbk 
serum, are assigned to the same groi^. In this way the iTamohtc 
streptococci may be divided into twelve_groups — A, B, C, D etc. 
All the organisms in a particular* group contain an antigenically 
identical polysaccharide which precipitates with the same serum, 
•'Some non-hasmolytic streptococci contain the same polysaccharide 
as the one accepted as characteristic of a particular group of 
hmmolytic streptococci. For this reason they are included in the 
same group. This explains why both hremolytic and non-hiemo- 
, lytic streptococci may occur in a single group as, for example, 

■ in group D. 

'* - • A method of serological classification which is based co 
agglutination was introduced by Griffith. The marked tendency 
of most strej tococci to imdergo sp ontan eous agg lutinati^ tenders*' 
agglutination techniques, as apphed to orher bactena, unreliabls 
in the case of streptococci. Griffith overcame most of the difft* 
’culties by using the s lide agglutinati on method. In this way he 
and his followers were able to distinguish 30 se^ogi£2l^) 
different ty ^s of hxmolytic stre[>tococc: isolateS^ from human 
lesions. These are knoivn as types, 1, 2, 3, 4 etc. Since strepto* 
COCCI of Lancefield’s group A'XS'f''- /’yoge/ies) are by far 
commonest streptococci pathogenic for man, it is not surpnsmi 
to find that 26 of Griffith’s types belong to group A as compare 
with 3 belonging to group C and I to group G. Vario u s antig eni*^ 
substances are resp onsible for thejypejpe cifi city of streptgco<y 

These include prote ins, .polysaccharides an d substances_P‘ 

undetermined cojnposirio n. __T yping. sh ould be carried 
freshly i^fate^ ai^ fjffiy virulent strains.as some of the su * 

, stances on whiTh type specificity depends may be absent from ■ 


avirul^t s train s. 

^ Further investigation will undoubtedly show that the strepto* 
COCCI of groups other than A may similarly be divided into a large 
number of types. 

In diagnostic bacteriology it is usually quite sufficient to deter* 
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mine whether a strain of Streptococais under investigation is 
hsmolytic or not and, if hjemolytic, the group to which it belongs. 
The chief valu e of typing is to assist m tracing a Streptococcus 
found responsible (or an infection to its source in an earlier case 
or in a carrier. 

^ Streptococcus pyogenes / ’ ^ 

Rosenbach, 1884 ' 

The specific name Streplococctts pyogenes is now given to any 
hasmolytic streptococcus which belongs to Lancefield’s group A. 
This organism is by far the most important of the hsmolytic 
streptococci found in human disease. The individual cocci vary 
from 0 5 to 1 Ofi in diameter, and larger cocci, which are especially 
common in old cultures, are to be regarded as abnormal and 
involution forms. In shape they are spherical, but frequently 
adjacent cocci in a chain are slightly flattened. They are non- 
motile and do not form sp(^res. They stam well with the ordinal 
aniline dyes and are Gram positive. Capsules are not usuallys 
found m films of pyogenes prepared from ordinary cultures, 
but it is possible to demonstrate the presence of capsu les in^fuU^ 
virulent strains, provided they arc grown in serum broth and the 
examination is made after only 2 or 3 hours’ incubation 

When a stained film of streptococcal p^ is examined, the cocci 
are found to be present, some in pairs and some in short or long 
chains, each consisting of up to 20 or 30 cocci, early lesiQps 
the diplococcal form predorain^cs, but in pu^ from abscesses, 

, long chains are comm^. 

Sir. pyogenes grows on most of the ordinary laboratory media, 
but never so well or so luxuriantly as the staphylococci. Occasion- 
ally it IS impossible to grow it in primary culture on media which 
have not been enriched by the addition of blood, serum or ascitic 
fluid. Later cultures, however, grow without these but in any 
medium, serum or ascitic fluid and 0 5 per cent of glucose pro- 
mote good growth. The fact that Str. pyogenes on blo od- 
agar containing a 1 : 500,000 concentration of gentian violet on 
which staphylococci, aerobic sporing bacilli, diphtheroid baciUi, 
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'^mixed with a clear solution of the polysaccharide extracted frm 
I streptococci of^the same,strain, a precipitate forms. All other 
vy’ streptococci, the extracts from which arc precijfltated^y this 
serum, are assigned to the same groi^. In this way the ^mol^ 
streptococci may be divided into twelve groups— A, B, C, D etc. 
All the organisms in a particular* group contain an antigenic^l) 
identical polysaccharide which precipitates with the same serum 
•'Some non-hmmolytic streplococci contain the same polysaccharide 
as the one accepted as characteristic of a particular group of 
haemolytic streptococci. For this reason they are included m the 
same group. This explains why both hsmolytic and non-h$mo- 
lytic streptococci may occur in a single group as, for exaopht 
v'’ in group D. 

Xe* - • A method of serological classification which is based on 
aggli^nation was introduced by Griffith. The marked tendency^ 
of most streptococci to undergo spontaneous agglutina^ ipnders 
agglutination techniques, as applied to other bacteria, 
in the case of streptococci. Griffith overcame most of the di 
5 ,''‘'*"'culties by using the slide agglutin ation method. In this way * 
and his followers were able to distinguish 30 s erol ogISS f 
different ty^s of hsmolytic streptococci jsolat^from humais 
le^ns. These ace known as tyi^s, I, 2, 3, 4 etc. Since 
> cocci of Lancefield’s group A {Str. pyogenes) are by far ^ 
commonest streptococci pathogenic for man, it is not surpnsmr 
to find that 26 of Griffith’s types belong to group A as compare 
•v with 3 belonging to group C and 1 to group G. V^iqiw^arihSX^ 

‘ substances are responsible for the tyjje^spe^city of streptococ 
These* include proteins, polysaaiharides _and substances 
undetermined compcsiHon. Typing sh ould be carried 
^ freshly isolated and fidly virulent strains as some of 

. stances on \^ich type specificity depends maybeabsentfroffloL. 

) avirul^t s tr a in s. . 

^ Further "investigation will undoubtedly show that the str p ^ 
cocci of groups other than A may similarly be divided into a larg 
number of types. 

In diagnostic bacteriology it is usually quite sufficient to ae 
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mine whether a strain of Streptococcus under investigation is 
bxmolytic or not and, if hemolytic, the group to which it belongs. 
The chief value of typing is to assist in tracing a Streptococcus 
founcTresponsiGl^f^f an infection to its source in an earlier case 
or m a carrier. 3 ^^., ic 

Streptococcus pyogenes , « 

Rosenbach, 1884 .jf-’ - 

The specific name Streptococcus pyogenes is now given to any 
hxmolytic streptococcus which belongs to Lanccfield’s group A. 
This organism is by far the most important of the hasmolytic 
streptococci found in human disease. The individual cocci vary 
from 0 5 to 1 Op, in diame^r, and larger cocci, which are especially 
common in old cultures, are to be regarded as abnormal and 
involution forms. In shape they are spherical, but frequently 
adjacent cocci in a chain are slightly fiattened. They are 
motile and do not form spores. They stain well wth the ordinal 
aniline dyes and ace Gram positive. Capsules are not usually^ 
found in films of Sir. pyogenes prepared from ordinary cultures, 
but It IS possible to demonstrate the presence of capsu les i^ful^ 
virulent strains, provided they are grown m serum broth and the 
examination is made after only 2 or 3 hours’ incubation 

When a stained film of streptococcal pus is examined, the cocci 
are found to be present, some m pairs and some in short or long 
chains, each consisting of up to 20 or 30 cocci. In early lesiQps 
' the diplococcal form predominates, but m pus from abscesses, 

^ long chains are common. 

Str. pyogenes grows on most of the ordinary laboratory media, 
but never so well or so luxuriantly as the staphylococci. Occasion- 
ally it is impossible to grow it in primary culture on media which 
have not been enriched by the addition of blood, serum or ascitic 
fluid. Later cultures, however, grow without these but in any 
medium, serum or ascitic fluid and 0 5 per cent, of glucose pro- 
mote good growth, 't*'- **'-* - - ’ ’ ’ 

agar containing a 1 ■ ■■ . 

which staphylococci, ■ ' , ’ , 
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certain other bacteria and yeasts do not grow, facilitates its isola- 
f tion from situations in which large numbers of such organisms 
are present, ‘^he presence of bile in the medium inhibjts the 
growth of the organism. '/Sir. pyogenes is aerobic but,_Iike thfi 
majority of streptococci,'grows better under anaerobic conditions. 
It grows best between 35®and 38®, and no growth occurs below 
On agar the colonies are visible in 24 hoursVThey are circular 
in shape, raised in the centre, opaque and greyish in colour and, 
when magnified, are seen to be finely granular. Their size rarely 
V exceeds 1 mm. m diameter. The colonies show very little tendency 



Fio. 46 — Streptococcus pyogenes from 
Broth CutiuRE (x 950) 


to coalesce, and, even when the material is very thickly spread, 
still discre te but very minute. 

The appearance of colonies on^Iopd^ggar is very similar 
that on plain agar, except that they are larger and slightl y bro^n 
in coloiir. -^ach is surrounded ^ an area in which the mediunj^i’^ 
has become quite clear and of a^ale yellow colour, owing to tii« < 
lysis oLthe.red .blood ^corpuscles ^and_aIteration and diffusionpf 
the hsmpgl^in.* The diameter of this clear area may be as much 
as 4 or 5 mm. Where the colonies are fairly closely associated, 
the adjoining zones unite and the medium in the neighbourhood 
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is all of the'clear yellow colour^Some strains of Str. pyogenes 
produce hsmolysis on blood*agar only when cultures are incu- 
bated anaerobically and, wth all strains, more marked hemolysis 
IS shown by deep colonies than by those on the surface of the 
medium. 

*■' In broth this Sireptococcvs usually grows in granules, which 
may vary in size from those only visible with the microscope to 
quite large flakes. The result is that the masses of organisms fall 
to the bottom of the tube, leaving the upper part almost or 
entirely clear, '^'he addition of senim_or ascit ic fluid to the broth 
usually gives a much more abundant growth than would be 
obtained in its absence 7 Glucos ealso enc ourages growth but.on 
account of the acid produced, growth soon ceases and tjis 
organism dies unless the amount of glucose is restricted and the 
medium is wll buffered. 

By the growth o(Sir. p)ogenes in broth of suitable composition, 
two,.hg rnolysins are produced and are found free from cocci in. 
the filtrate of such a culture, of these lysins (Pl,is very 
rapidly inactivated in the presence o f oxygen vtfie other wh ich 

IS produced only m broth containing serum, although very labile 
at body temperature',. is noi mactivatcd’by oxygen. Most strains 
of Str pyogenes produce both haemolysins but some produce 
only one. /Hsmolysins in blood-agar resulting from surface 
growth is due entirely to the S l^in; in deep culture, to either the 
O or S lysin or to a combination of the two.^A strain which pro- 
duces only O lysin will not cause any hjemolysis when spread on 
the surface of a blood-agar plate but will in deep culture t ^ntjr 
lysms can be produced by the immunisa tion of animals.^ In the 
case of the O lysin, a filtrate of a culture may be us*^ as the 
immunising agent but, to prepare S antilysin, the actual organism 
^ itself must be introduced, yrhc leucocidm produced by 
pyogenes is probably identical svith the O lysin. 

Another toxin, the erythrogenic or Dick toxin, which is prO' 
duced by a limited number of strains of ^fr. pyogenes, will b( 
dealt with later. 

In addition to the toxins referred to above, Str. pyogenes pro 
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certain other bacteria and yeasts do not grow, facilitates its isola- 
It I tion from situations in which large numbers of such organisms 
,t are present, v^he presence of in the medium inhibits the 
growth of the organism. '/Sir, pyogenes is aerobic but, like ti)£ 
( majority of streptococci, '^rovi^^ter under Anaerobic conditiop. 
It grows best between SS^and 38“ and no growth occurs below IS,’. 

On agar the colonies are visible in 24 hoursyrhey are circular 
in shap^raised in the centre, opaque and greyish in colour and, 
when magnified, are seen to be finely granular. Their size rarely 
„ exceeds 1 mn\. in diameter. The colonies show very little tendency 



Fjo. 46 — Streptococcus pyogenes from 
Broth Culture (x 950). 


to coalesce, and, even when the material is very thickly spread, are 
still discce ^ t e but very minute. 

The appearance of colonies on bloo d-^ar is very similar to ^ 
that on plain agar, except that they are larger and riight ly browo 
in. colour, .^ach is surrounded ^ an area in which the mediun}^^ 
has become quite clear and of a pale yellow colour, owing to tbc > 
lysis oLthej’ed .bloodjjorpuscles.and alteration and difTusionpf 
the haemoglobin • The diameter of this clear area may be as much 
as 4 or 5 mm. Where the colonies are fairly closely associated, 
the adjoining zones unite and the medium in the neighbourhood 
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genes A minute skin abrasion, infected with -^epiococcus 
pvogenes, may be followed by a laoidlv snreading. cellulitis and 
/f^phaogitis and frequently bv lawticrem ia. The tendency of_a 
streptococcal infect ion t o sprea d throu g h th e tissues is probably 
due, not to hyaluronid2,se, but to the production, by virulent 
streptococci, of an anti-filyinogenic jubstance, which prevents 
the formation of fibrin, and a fibrinolysin which dissolves it if 
already formed. These,substances interfere ,with the efforts of the 
body to limit the spread of infection by the clotting of the content^ 
of blood and lymph vessels The invasiveness of the organism is 



FlG 47 — Streptococcus pyogenes in fus 
(x 950) 


also assisted by the abse nce of positive chemotaxis and by the 
production of leucoci^n which kills polymorphonuclear leuco- 
cytes. The exudate is. therefore, inc lined to be serqus rathenthan 
pufulgntr^nd th&-body-may-bc-widely.invaded-belare-thereJs a 
satisfacto^^ mobil isa tion of th e.phagocvtes . When definite pus is 
produced, the prognosis~ls better than in cases in which the 
exudate contains few or no cells. Strep.pyogenes is a^ause of p^ 
production m,s_e_rpus cavils: pciitoniiiSTcmpyema and meningitis 
arc-frcquently due to Jts action. It often produces s^erc.p ha rvn- 
gijis andJoasilUtisT and its presence may pro\c a gra^e comphea- 
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duces another substance, fibrinol yjjn . which resembles an cnzjme 
rather than a toxin. Its action can be demonstrated by adding 
equal volumes of a sscak solution ofcalciumchlorideandofabroth 
culture of the organism to Uso volumes of dilute citrated plasma 
A firm clot is produced within a few minutes as a result of the 
addition of the calcium salt. After incubation for some hours, 
the clot is liquefied by the fibrinolysin produced by the gro^lh 
of the orcanism. Human plasma must be u^d— that of animals 
is not satisfactory— but not every' sample of human plasma is 
_ liquefied by fibrinolysin. 1*hc coagulated plasma of a person who 
'has recently recovered from an infection with Sir. pyogenes 
fniK'to liq uefy owing to the anlifibrinolysin which is present. 

iingrnj;Mly.lhroujb!if 

J _ ' produce hyaluro^a'f 

’ .with wp^lejormation 

and,thc capsdcs.of.3’/r,proyr//<’rco’ntain hyajuronicacjdv^jfifs 
hvaluro nidiucdigestlhvaluronicacid. ihcformcr^uhsiaflCOMOuW] 
icn^ •. r ” *’ "t-r"'*’'! 

✓ ‘5 ■ ' ,• • •• ,••••.•*. • , , ■ 

pro,* ‘ 

mannitol. It docs not hydrolyse sodium hippurate nor does it 
liquefy gelatin. 

The microscopical appearance of cultures depends to a scry 
large extent on the culture medium used, the same strain 01 
Streptococcus pyogenes being found in \cr>' different forms m 
different media. In general, in an enriched broth of correct 
reaction, chains of at least eight elements and frequently of twenty 
or thirty appear. In young-culturcs-the-chains-may seem to be 
composed of_diplococci on account of the rapid multiplication of 
thcorganisms. A'brolh without the addition of body fluid or one 
acid reaction may show \ery much shorter chains. On 
solid media, chain production is much less marked, and diplococc^ 
or chains of 4 or 6 cocci may be common. 

M an is very susceptible t o Streptococcus pyog en^. The les^s 
produced are usually less localised, t endin g to_spread, and are 
more often fatal than those caused by the Staphylococcus pyo" 
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In .s c^i lRtufevcr. the organism_tends,to, remain localised injh^ ■* 
thrdaTbut it s tn\in is absorbed and carried b y the bloo d to all 
parts of the.bo^y. 

Th e.DicTc^es t. which is used to determine whether a person is ^ 
immune-or susceptible to scarlet fever, is carried out by injecting 
02my‘‘- ' 

pe rson • . * * - 

follo ws. 

by his antitoxin and no reaction occurs. 

The ery throgenic toxin cannot be converted into toxoi d, ^t^ 
active immunily~lo it m^ be produced _by^the .subcutaneous^ 
injection of the. toxin itsei£, A series of injections, gradually 
increasing from 500 to 50,000 S.T^., usually causes the develop- • 
ment of a sufficiently high level of immunity to protect against,. 

1„* Ti.. e X r» /rW— 


of uncomplic£te.^s^cacletj‘eier^forc the introduction of modern 
Lhemo therapeutic drugs and the antibiotics. 

The mam reserv oir of Str. pyogenes is the human throat. There 
ii maYTaiise tonsillitis, laryn gitis, or p haryngitis and there, as in 
the nose , it may exist without producing symptoms. In the latter 
case, the individual concerned is a career, and it is mainly from 
such carriers that the organism spreads to others to cause, in 


Many well-qualified observers believe that th^a_t_infections 
with .Sir- pyogc/jci arc responsibleJ or acute rheumatism . There 
j IS very commonly a history of a severe tonsillitis at a period vary- 
, ing from a few days to 4 weeks antecedent lo the attack of rheuma- 
- ijsm. The organi y i can be isolated from the throals of the great 
majority of paTients and it has been found in t he heart jalves_of 
s patients who ha\c died during the acute stages of the disease. 
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tionJiyJiphtheria, Streptococcus pyogenes is commonly found in 
acut e bronch itis and brojicluyjoeuinonia, usually associated wili 
•Dllier bacteria but in"^nie cases apparently pure. Osteoimelni^ i 
is Jess frequently due to streptococci tfian to staphylococcibut, , 
when tJie former are responsible, the pxognosisis-yexy-muchmor: , 
serJojis. Erysipelas is one of the results of infectio ii . nfffie - st in b 
this organism. PuerperaJ feve r is most frequently due ti 
Streptococcus pyogenes. The most serh^ ^condition causfi 
by It is a s eptig emia, usually accompanied by acuje endocardiw 
which is a common termination of many stryitococcalintoio®^ 
The nurnber of organisms in the blood may be as high as 5,W 
per cubic centimetre but, before the discovery of sulphonanuds 
and penicillin, survival was very rare when the number exccedci 
30. -^ Blood cultures, in cases ot suspected jtreptococc^septi 
:amiaHiib‘uld‘'be'incubatcd for a week ^fore being regar^da 
negative as the cocci may grow very slowly. 

✓ Some^types (an d particularly ^tyj>es^l,. 2^,3, 
jyogencj.produce .an. exotoxin called the eiythrogenic-or-D^ 
:oxin. «ahe intradermal injection of a filtrate of a 
jf one of these types causes an intense locaLe ryth ema 
ind the 'Subcutaneous injection of a larger amount produc« 


condition similar in many respects to 
sAVhejLtheJhroat ofa.non-immune person is invaded by oo 
hese .types, the result is an attack of scarletjfeyer. JmmunJy ^ 
his toxin must be carefully disdnguished from immuruty o 
larticular type of Sir. pyogene5.\ /k person who has rec ove^/ 
in attack of scarlet fe yer.due_to,;5'r/'.»p>'ogeggs-of,-i^-^^^^°.. 


vpe i. possesses im^ un rfy bot h t o tf ie ervthrogeDic..to?dn ^ 
rtf tvn»* immiinitv sh< 


s immunity shou ld suffic e hUhei^^ 


trepto cocci of type_ 2. xni> .uuuu.uij- 
o protect him_froni scatletieveTrirrespective of the type o 
tyogenes which jnayjnvade-his-throat. It_shcuild also-P^® 

■ ' ^ hy an type2 but>_l 

• . .. fhe m.iin, type s pecifi c, it vvill 

"" th Sir. pyogenes.of types I, 

tc.,any on?of which may cause in him a severe attack of ton^’ 
Ltis and pharyngitis but not scarlet fever, 
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Sir, mitis, although a romm etijal. may also act a s_a_pathoge]: 
While in the mouth it inflicts little, if any, damagey Occasion al 
it inradesjhe tmues, producing subacute or chronic disease wti 
little pus producdon. T here is good evidence tha t the organis’t 
very commonly enters thTblood sT rearnas.a result of extractioi 
of or_o th er interference wi th a tooth. The resulting bactergnu. 
is usually tra : ; • ‘ _ _ V.' '' 

has p r evious! • • • 

on the va to ■ • 

when due to * “ 

to treatment. 

Str.facalis (or the enteroc occus) is as sodated.with-the inteshnsl 
tjact and is invariably present i n human _feces. It occurs cith« 
in*^ort chains or, more commonly, in pairs. Individual cocci arc 
elongated, sometimes almost b acillar y. The organism ustiall.' 
produces no alteration in blood*agar. Some strains, howe>eri 
produce a gree n colour a nd a feyMru^ hgmolysis. Serological!) 
Str.facalis belongs to LancefieId’s.D groiip whether it is 
lytic or not. 

In broth, Sir. facalis gives rise to a uniform turbidity 'rith 'S') 
little deposit..^Some strains liquefy gelatin. •/The organism 
ments glucose, }actose, and manniio}. In addition to the niW' 
pholqgy of this organism, its most important differential charac 
teristics are it s power of growing in the presen ^^ hite and 
thermo^resisiance. Sir. ftrcaJis is usually capable of growth at* 
temperature of 50® and survives exposure to 60“ for half an hoW 
Like Boct. coh . th e Sir, facalis is, in the in test ine^ a mergi gEi^ 
phytic parasite bHtrT n~thc tissues , it is b oth^p athogenic 
pygsemc' Tris an occasional cause of puerpera l sepsis, 
mitis. It may ent er the b food^stream and cause ^ubacjit^ea 
car^tis. Unlike Sir. muis, this organism is us uallj ^ highly _resida_ 
to penicillin. 

~^hUe there is a widespread belief that chronic rh eonidn^? - 
m some way, connected _with^trcptoco_cci, and.particularlyJ’^l’ 
hcemolytic streptp^cci, no definite proof of the connection 
yet been afforded. The most plausible th eo ^ is that the tissufj 




CHAPTER XXIV 


Diplococcus pncumonlx {Pneumococcus) 
Weichselbaum, 1886 

Diplococcus pneumonia occure most typically as a diplQCOccus 
each coccus being r oughly oval , with one extremity pointed and 
the other rounded, the whole resembling a lance or the flame of a 
candle in shape. Usually.the rounded ends of the two cocci are 
adjacent. It s longest diameter is.abputj ji. It may also he seen 
singly, or in short chains of 4 to 6 cocci. When examin^ direct 
from the body, it is generally surrounded by a capsule, fhe total 
width of the^coccus and capsule being about three times th^t * 

naked coccus. Tha^psule jarely. shows, any^indcntation cone- 

sponding to the space between the two cocci. ^ 

The pne'umonococ^ stains well with the usual aniline dyes ate , 
is Gram positiv e.V gut dead or deg enerated fom^mayjgsgjl'^ 
'Gr am's metho d. In preparations treated with the ordinal 
stains the^paosi^ does not take the colour, but.can often 
distinguished as an unstained Aalo. round each pairjjf cocci- 
■nay be demonstrated more satisfactonly by the methods 
nended fi^the staining of capsule. This organism isSS^ 
no ^qr-'j^^ thauLflagella and fonn vn Q sp ores. 

Diphcoccus pneumonia is aerobic and facultatively anag lS^'^ 
!)n artificial media its growth is never luxuriant. It may notgmw. 
specially when recently isolate d, unless the, medium has bee" 
nriched by the addition oT’ ^food or seru m. The presence ^ 
lucose in the medium also promotes growth, but th e orggn^ ?* 
:_soon kiherLhy the. resulting; acidity , unless the medium is "" 
uffere d and the glucose restricted to 0 2 per cent. The opiiniui" 
imperature of culture is from no g rgtVlh GCC^ 

elovv.22^.. Growth is encouraged by the addition of 5 to 
;nt of carbon dioxide to the atmosphere in which cultures at" 
276 
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pneumococci, the latter from combination of antibody with the 

■ 

hel 


. h 

iCt 


a large number of s^olpgically distinct types .of. pneumococci — 

over 30 .h ave so far been differentiated — ow ing to minor chemical 

and, the refore. a ntigenic-diiTerenccs m th e R.R.S _of these,differentj 

COCCI. With the exception of Type HI, referred to above, these are^ 

morphologically and culturally indistinguishable. T he capsule 

confers on a pneumococcus its virulence, its toxicit y, and i t s typ e 

specificity When the caosule.is lost, a pneumococcu s is non- 

virule 

It in 

a ntih 

That 

coccus, irrespective of i^ original type. The types are not so stabl e* 
as was once believed. -' A pneumococcus, originally of s ay T ype I, 
which h as lost its capsule, ma y b e mad e to adopt the_capsular 
material of another type (e.g. II), and so be* lransformed into a 
Type 11 pneumococcus.. ^ ~ 

Almost all cases of true acute lobar pneumonia are due jo 
Diplococcu s pneu moiua, sometimes associated with other organ* 
isms (/ /. infli icnzie. st rentococc i. sta phylococ ci, etc.) or, as more 
commonly happens, pure. In ‘ broncho-pneumonia of children, 
the pneumococcus is of commoner occurrence than any other 
single organism Pneum ococci _a re present in | .T rge numb ers 


them. 

While pneumonia is the chief disease caused by Diplococcus 
pneumonia, it is by no means the only one. The organism is found 
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.^L B.neuinococci are dissolved W^ ai^imal bite or b y solutions o f 
s o^unx_d esoxych q late. An easy method of testing this is to iii 
1 part of a 1 0 per cent, solution of sodium desoxycholate to 9 pjrts 
of aneariy serum broth culture. I^thistesttheacidityoftheailturf 
no^xceed a pH of 6-6 a s, in more acid soIuf ioDS>J)iliali> 
are3re cipitaj^. SolutioiLinay.takepIace.aImost ^t once orato 
aTe^minut eOeating t o 37°. The dissolution of the pneumo- 
cocci may be judged by the clearing of the broth or by theabscnof 
of cocci when the culture is examined with the microscope. This 



Fig 48 — Pneumococci in Fiui of Pus, 
Stained to show Capsules (x 950) 


■ ’ • imococci and streptffo^ 

■' ■ "■ I, • ' . levvhat from those of 

'pes They ar e larger , are commo nly oval or spherica l, and leni) 
) occur i n chiQi is The large size of tfft/fiooiQnies, which 
icky when touched with a platinum wire, is due to their markg * 
^siile development. 
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pneumococcus is mixed with a specific antiserum, both agglutina - 
tion and preci pitation occur /»The former results from combina- 
tion of antibody with antigen present in the intact capsule s of the 
pneumococci, the latter from combination of antibody with the 


me same serum nas no enect 
on the capsule oTa pneumococcus of a different type. There are 
a large number of s^olpg ic ally distinct types of.pneumococci — 
over 30 h ave so far been differentiated— ow ing to minor rti ptnipnl 
and. theref^.jntigenic.diffetences m the^S^S^ofthese-dilTerent 
COCCI. With the exception of Type HI. referred to above, these are 
morphologically and culturally indistinguishable. T he capsule 
c onfers on a pneumococcus its y irulepcc. its toi^icitv . and i ts typ e 
snecificilv. When the caosul e^is, lost. a_pneumococcus is non- 
virident and no longe r reacts with a n antis erum prepared against 

it in Its capsulated cor'*”*''- ’• 

antibodies , ,but .t hese. ' 

That IS, the serum w - *• . n . 

coccus, irrespective of it; original type. The types are not*so 'stabl< 
as was once believed. '^A_ pneumococcus.oriKinallv of'sav Typ e I 

which h asjgst its capsule, ma v be maAe-. to "?piuln 

material of another type (e.g. II), and so bc'transfonnedjntoj 
Type II pneumococcus^ ^ 

. Almost all cases of irue acute lobar pneumonia are due t( 
Diplococcu s pneumon ia, ^mctimes associated with"other organ 
; isms. {H.^jnfhiSJlzce, st iepiococc i, sta phylococ ci, etc.) or, as mor 
commonly happens, pure. In^ Wncho-pneumnnia nr 
i' the pneumococcus is of commoner occurrence than any othe 
, single organism Pneumoc(y ci_a re_Dre5en t in ja rge nu mber 
iaihe .“rustyljp utum ty picaLoLpneum onta. ^t 
^ disj;a5CrJiQucver,aumay.bc.difficult,.0Le\eiUmpa&sible, to fin^ 
-■ them. ~ 

While pneumonia is the chief disease caused by Diphcoccv 
: . pneumonia, it is by no means the only one. The organism is foun 
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- ■ in the ^brinous or sero-fibrinous pl eurisy , so commonly associated 
with pne umoni a, and also, sometimes accompanied by strepto- 
cocci or staphylococci, in the empyema uhich often follows. 

"^ Pneumococc ‘ • , * . > •• . * * < , . • 

case s of pne • •. *'•* , 

^Uon ^plair ' ' " ' , 

[t he diseas e^^ • . . 

[peritoniti s a « ■ 

. and peritonitis of pneumococcal origin — may occur, especiailym 
children, without an anta:edent attack of pneumonia. '' Primaiy 
meningitis may be a.very acute and.rapidly fatal condition. Ibe 
cejathDacSpinaiilui^ may be'Wbi^from the presence of enormocfs 
numbers of pneumococci, and may show practically* no pus cells 
The most commonly occurring types of pneumococci in acu K 
l obar pneumo ni a are Nos. 1. IL III, IV, V. VJI and VIll. Types 
I and II are responsible for more than half the cases. The disease 
due to Type MI is m oce.fatal than that caused by other types 
Broncho-pneumottia and bronchiti s may be due to one of the 
same types bu t, more c omnionly..are caused by other and less 
viralfiULtypes. 

i/> Although pn eumococg-are-almost-constaptly pre 5 ent_in Jhe 
mouth, throat, nose and bronchi, the^ majority found in^hcahh 
in those w ho h ave not been in contact wj!h, a c ase of pneurngnu 
ar^ither non-c apsu latedand non-virolentpr belong to one of the 


less highiy^athogemc types. 


butjs?! 
a healthy 


earner, for persons who have been m contact wan a case 


of 


pneumonia may be found to harbour fully virulent cocci of t ^ 
same type as that causing int^ibn in the patient without 
selves acquiring the disease. 

^f-^n qi7rimies towards Hi plnmccus pne unioriia a position mw' 
wSyTefween animals which are almost or completely refract^'- I 
such as rats and cats, and those which are veiy susegpub le as, ioj 
Intravenous inoculation of mice j 


example, huce and rabbits. 
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rabbit s is almost always followed by a rapidly fatal ^ptictemia. 
The same result usually succeeds the peritonitis ol hbrinous or 
sero-fibrinous nature produced by intraperitoneal inoculation. 
A simple method ofis plating pneumoc occ i from s pntnni is by the 
irUraperitoneal inoculation of a_mouse. the organisms being 
recovered after death from the blood. By using a strain of correct 
virulence, it is possible to produce lobar pneumonia in rabbits by 
intratracheal inoculation. If the virulence is too high, septicremia 
results, if too low broncho-pneumonia or only bronchitis. In 
monkeys, by the same technique, typical lobar pneumonia, 
resembling that of man, may regularly be produced. 

^ “• jt.is easily .lost 

. . . ' ' . . ‘ . dy.fluids.* The 

■ f cap sules an_d 

corres pond s with the change from smoot h to rou gh colony 
f ormati on. 

Pneumonia m man is a fatal disease , not on account of the 
/ local injury to t he lung, for this is not commonly the immediate 
cause of death, but partly by reason of the intense toxemia which 
IS the cause of vnsQ.mfUnr cniiaptA, and partly owing 

to the'i nvasiQo lflLlhe»blood-stream Before the introduction of 
effective chemotherapy, the fatality rate m pneumonia in patients 
with pneumococci m their blood ^vas about seven times that of 
patients with negative blood culture. 

Before the introduction of the sulphonamides, antisera were 
used for th e treatment of pneu monia. To be e ffective, the anU- 
serum had to correspond to the type of pneumococcus responsible 


for the attack. This led to the development of r apid methn' ds nf 

■n^uSmTai 


t ypmp-o f which the most satisfactory is that of N^ufeld . A loop- 
ful of Sputum IS mixed, on a cover gl^s, with two or three loop- 
fuls ol"l!v peTerum and one loopful of meth ylene blue stain. From 
this a hanging drop preparation is made If the pneumococci arc 
of the same type as the antiserum, t he capsules of the pneumo- 
CQco-iirc-Sccn-to be swollen and rnuch more clearly definedltian'' 
m a preparation containing a different type_serutri. ‘ 

T he «ic\critv and fatality ,_not.only.of.PDCuroooia.bui-also-of 
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^ ‘ the fibrinous or 5ero-fibri nQB5.p] eurisy . so commonly associated 

with pn eumonia, and also, sometimes accompanied by strepto- 
cocci or staphylococci, in the empyema which often follows 
'“^ Pneumococci are commonly present in the blood stream in seve re 
cases of p n eumonia. • •- 

/) iion e xplains the fair • . 

j t he.diseas e-f^ -otitis m< • ' , 

l^ritoniti s and^arthrii • " " ” • ' 

, and peritonitis of pneumococcal origm—may occur, especially in 
' children, without an antecedent attack of pneumonia/Primarj’ 
" meningitis may.be a.veiy acute and rapidly fatal condition, The 
c erebrp -s pina l flmj may be ^urbid^ from the presence of enormous 
numbers of pneumococci, and may show practically ly pus cells 

The most commonly occurring types of pneumococci i njcut g 
l obar pneumon i a are Nos. I, If . Ill, IV, V. VJJ and Vlll Typ^s 
I and II are responsible for more than half the cases. The diseas* 
due to Type 111 is m oce.fatal than that caused by other types 
Broflcho-nneumon/a and brono/iiti s may be due to one ofiii 
same types bu t, more co mnion^ilare. caused by other and less 
virule nt tvoes. 

Although gn gumococd-are-almost-consiantJy presentJ'’-!?^ 
mouth, throat, nose and bronc/u, the_majorify found in 
m tho se w ho h ave not been in contaCt-With,AXase_ofj>neumoj'’^ 
arg either n on-capsul ated[and noii-viruIentX>r belong to_one oil 
less highly_gathogenjC types. 


•ase. 

■ ')Th) 

of 


carrier, for persons who have been in contact witn a ui^e 
pneumonia may be found to harbour fully virulent cocci oft e 
same type as that causing infection in the patient ivithout then’ 
selves acquiring the disease. .. 


example, mice and rabbits. Intravenous inoculation ol mice j"'* 


CHAPTER XXV 


Neisseria meningitidis (Afcningococats, Neisseria intracellulans) 
Weichselbaum, 1887 


of 

fro 


ma y : " 

ui _>' 4 jy cases, 

many may bg iXrcc>from cells, wh i ch may be few’ in number.* 
Most typically they are found a's diplocci. ' the cocci being 
somewhat flattened on their adjacent s ides, which gives to the 


with the ordinary-/^nihnc dyes, but it is frequently observed that 
some individuals take the slam much more intensely than others. 
'Qlfiiy.aiB-GranvncgativerJion-motile and do.not form spores, j 
N. meningitidis, wh ile not very diffic ult_lo cu ltivate, jl emands 
a rather rich medium . When taken fresh from the body, no 
^owth may be o^tmned on plain agar, but on agar containing 
blood, serum, or ascitic fluid, good growth occurs. The presence 
of 0 5 per cent, of glucose also improves the growth. Freshly 
isolated strains will not grow below 23® and only feebly at that 
temperature. Optimum growth is obtained at 3 7®. It is a strict 
aerobe. 
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other, pneumococcal Jivftclions aod . espp.c laUy _o f j^i ^niDe occal 
rn en [ n g(tis..have been markedly reduced by treatment with the 
sulphommides and penicillin. These remedies are much more 



FlO. 49.— PNEWfOOOCCJ SHOWING NEUfEtD ReaCHON. 
(Electron Microscope) 


effective than the s erum trea tment which they replaced and an 
also more easily administered They have the Further advantage o 
obviating the necessity of determining the type of pneumococcus 
responsible for the condition. 
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ausalive organism usually belongs to Group I. Sporadic cases 
if the disease arc more commonly due to cocci of Group II. 


vithin 24 hours, or may be subacute or almost chronic. The ^ 
;erebro-spmaLfli^ is tinder considei^e pressure, and, at a late y. 
stage of the disease, may be turbid from the large numbe r of ceUs , 
[almost entirely r^ JypinrphQmid eat, leucocvtest contained in il. • ' 
The presence of meningococci may usually be detected by micro- 
scopic examination oCthe centrifuged deposit of the ccrebro-spinal " 


and, m some cases'; before symptoms of meningitis were detectable. 
The* organism also causes c hronic_hacteLTid J. characterised by 
irregular fever, crops of tender, reddish spots in the skin, pain and 
effusion in joints and muscular pains. Meningitis may, but does 
not necessarily, occur in this condition. The most common 
situation in which the\/ memn E .QgQCCUS.-is .fQund_i LJhe,^o- 
pharyns where it produces a rtiino^^iar^ngUis. It is there found 
In ma ^ ny persons who have not had and who do not develop 


naso-pharynx of one to (he--naso-pharynx_ol the other.^Jic_ 
method by which^the organisms p^/rpmjhis.^tuation.to the 
meninges cannot yct.bc .regarded as.certain, bul. transfer by the^ 
® , . . . - 1 -;.., — Ktabcncc-to-thcj-cntriclcs. 

. . • • . ' wTiy one man with menin-“ 

meningitis while another 
docs not. We can only say that it is a question of individual 
siisccntibiUiv or of individual resistance. We know that thejiro: 
^ortinn '6r meningocbccat camcK is higher among contac ts than 


284 


HANDBOOK OF BACTERIOLOOy 
smooth, they a;e a^fmost .transparent. When touched with a 
platinum wire they are found to be rather visc id, but.eniulsify 
^3sily;..irLsaline. There is no. harmolvsis in the neighbourhood of 
the colonies. C^gulatcd serum and coagulated egg are useful 
media for the cultivation of Ihc organism. ^ meningococcus 
grows feebly in fluid. media, ft ferments glucose and malto se 
without pas pr oduction and has no aHion on saccharose. 

Tifms made from cultures resemble fairly eloscly those prepared 
from cerebro-spinal fluid, but thc’^occur/ence of the diplococcal 
form is not quite so regular. The'^ifregularity in sizc and in 



Fro SO — MeNINCOCOCCT in PtfRULENT 
CEREBHO-SI'INAL FtUJD 


jtaining is even more marked, and in preparations made from 


:u Uures 48 hours old, man y lai^e , b adly staining involut ion 
brms are^ een. " ~ 

This organrsm_h as very httle resktance against adverse cond i- 
ions, and cultures at 37° may be found to be dead in 3 or 4 
lays. It is r apidly killed by drying, by exposure to h eat or 
>r to sunlight. 

By the inoculation of animals it is possible to prepare agglutln^l!. 
ig sera. The majority of meningococci may be assigned to one 
f two groups, 1 and II. In epidemics of cerebro-spinal fever, the 
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. 'def one of these likely to cause confusion is N. catarrhah s. The 
. domes of N cflia/'r/tQfa..a re-jnoce-ODaQue- than those’ of N. [ 
.enin^iti dis, they have slightly irregular ed ges and are defimtely 
' ’hite. The organism may grow at 23° . but often only feebly. 

■ ; has no fermentative action on glucose, maltose, or saccharose. 
'/ J. catarrhahs is frequently associated with a cute and_ch ronic 
' aflamraations of the r espiratory trac t. It is probably not the 
' mmary infecting agent in these conditions, but an importan t 
r.-. ecQndarv invader. It is^most.dcyojd.QLYirulenc e for an imals. 
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among non-contacts, and that it rises in the winter and spn'i 
months (at whi ch times epidemics .are commonest). particuJ^ 
among people living under con ditions of over crowding.A^tl 
^ratif m of th e carrier, state is not usually long — a few weeks- 
butlt may per sist obst inately for months. Attempts t^ontr- 
epidemics of cerebro-spinal fever by the i sola t ion .o Lc ^ rrigrs wei 
often made in the past but were rarely successful. They wei 
almost JhrciMl when, as sometimes happened, the carrier rai 
ej(ceede3 !^Q!p.eL.cent. me prevention of overcrowding, parfici 
larly in dormitories and barracks, were of value but it is probabi 
that, in future, carriers wi ll be t reated with sulphonamide which, ii 
thejrnajoriiy of. cases, brings th^ condition to arT-cnd wilhii 

Thejnenincococcu s possesse s but^ lo^gr^de of.virulence foi 
animals . By mtracerebral or'mtrathecal injection of young cul 
tures in certain types of monkeys an 'acute meningitis has been 
produced. Intravenous or intrapenloneal inoculation of mice or 
guinea-pigs with highly virulent strains gives rise to a fatal 


gOCOC ' 

i- have 1 ' • • 

living COCCI may, oe wry lime oinerem. J nis point s ui> ; 

7 ence of a pow erfuljg nd otoxin in the men ingo coc ci. No exotoun 
(^has been demonstrated in cultures. 

For many years the only specific treatment for cerebro-spina 
fever was with anti-meningococcal serum, prepared by the 
immunisation of horses. iTfiearUisenii^^ybich had to be groups 
’jif not ty pe— s pecific, was a^mujistered-eitber-intrathecal/y 
I iwtcav w.oiAsly,’ Th e potency of diflere nt batches oDcrum-Vane 
greatly. This method of treatment has been discarded, without 
regret, m favour of sul phonaniides . Since the meningococcus is 
normally p enicillin-sensitive, this antibiotic may be used as an 
alternative to sulphonamide. , . 

The identification of M meningitidis in the cerebro-spinal flui 
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presents no difficulty. In cultures taken from the ^aso-pharynx . 
considerable trouble is experienced, for a number o f other Gram- 
negatiye^diplococcL are frequently found in that situation. The 
chief one of these likely to cause confusion is ILsatgrrhah s. The 
colonies_of N. catarrhalis a re .more opaque than those of N. 
meninsijid is, they have slightly i rregular ed ges and are definitely 
white The organism may gro w at 23°, but often only feebly. 
It h as no fermentative action o n glucos^ maltose, o^saccharose. 
N. calarrhalts is frequently associated with a cute and.c ^onic 
inflammations of the r espiratory trac t. It is probably not the 
primary infecting agent in these conditions, but an importan t 
s econdary i nvader. It i^jmpst devoid otvirulencejo^nimals. 


CHAPTER XXVI 


Neisseria gonorrhsx (Gonococcus) 

Neisser, 1879 

N. gonorrhaa is an organism which resembles N. meningitidis 
very closely in microscopic appearance and in cultural charac- 
teristics. It is most commonly found i n the body as a diplococcus , 
/ t he size of a pair of cocci together bein g about 1 -Sii by 0 Sfx. The 
• H c occi are cither flat or,M nore usually, somewh at concaye on.t heif 
a djacent side s: i n the latter case a s mall o yaj unstmned_areaji 
visible between them. They have^een dwcribed as resemblini 



a pair of kidneys or beans pla ced togeth er wit h their con cave 
borde rs in apposip on. In stained films of thcjnis obtained froni 
the ur ethra in acute gonorrhoea, th e grea t majo rity 

are sTen to lie within leucocyte s. As_many_as_one_hundred_coWi 

may^ occa^ onally be seeh^vithi n a si nglejuLcelh It is remarka e 
that often, so far as can be determined by microscopical examina- 
tion, neither the cocci.nprJbej>us_cgils haye.beenJnjured .bydP'^ 
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invasion , both taking the stain normally, ' ^he nucleus is neve r 
invaded by the coccj.'^n the very early stages'of gonorrhcea , when 
the d ischarge is m ucoid^ajher thanj)urulcnt, very many~goao - 
coccl be seen outside pus cells , and a similar picture may be 
obtained in an old standing case of gleet , except that in this 
condition the cocci may be very scantyr The gonococcus takes 
the common aniline stains well, but is Gram negative . For 
/ diagnostic purpos es, Gram’s stain should always be used but, if 
the number of gonococci be few, they may easily be overlooked. 

By using Pappenheim’s stain as the counteijstamjn Gram’s 

metho^d, the adva ntage of a contrast in colour between the. cocci 
(c ed) and th exells (blue ) is secured without sacrificing the diagnos- 
tic v ajue o f Gram’s m^ethod 

T he most satisfactory medium for_Ks_grpwth is soft, boiled^ 
blood-ag ar. This is made by mixing m elted nutrient agar with an 
equal volume of ^th and adding to the mixture 5 per cent, of 
c itrated bloo d The lubes or flasks containing the medium are 
kept in boiling water for a few minutes before the medium is 
allowed to cool and solidify in plates or, sloped, in tubes. It is_ 
essential to use th^medi um soon aft crjts preparation and before 
Its surface has become dry. The gonococcus is aerobic, but 
growtKTakcs'pTaj^ibcrt when cultures are incubated in an atmo- 
sphere containing 1 0 per cent, carbon dioxide. Precautions 
should be taken to prevent the drying of the medium during 
incubation. temperature of 35” to 36° is better for growing the 
gonococcus than the customary 37®. 

Colonies, usually appear withm 24 hours, but may be delayed 
for 48 hours or even longer The colonics vary m siM, but are 
rarely more than 2 mm. in diamete r and are usually sm alkr^ 
They arc scmi-transp.ircnLand ofa_Ereyi sh-whit e colour. In shape 
the colonics gre routi d and their margin^s are ofte n srallopcd or 
undulating -rjicr the centrcLof the colony becomes rather more 
j 3 paquc-^d-gramilar. The cojonics^re usually d^screte and have 
a somewhat viscitTconsisWncy. 

Since their colonic s arc small and almos t transp arent , it may 
be difficult to detect by culture the presence oFaTcw gonococci 
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n material which contained large numbers of other and more 

robust bacteria. .e 

ifter the culture, has •• : 

[ pcr^ccnt_watery_ . 

lydrpchloride . When acted upon.b'y this jeagent, the colonies of 
V. f^on^r/Kra-become first n ink.and later mag enta owing tn th e 
presence ln-thcm-o f_ oxidasc .(p roduced, by the gro wth of th e 
)rganism). The reaction is not specific for the gonococcus, being 
'iven also by other7neis|qj nx. bunhese rarely occur in situations 
n which the gonococcus is likely to be found.'/fhe reagent does 
lot k ill the or ganism.sjQ.^quickly,as.to.pre yent sub cultures Irom a 

h is obtained, the medium 
days the medium becomes 
to the bottom of the tube 
nd partly owing to autolysis . Occasionally a pellicle fom is^a 
h e'iurTac e. T he gorioco ccus ferments glucose but not maltose 
ir saccharose. The micrdsc5plnipp?in'ini5eor|5nococci in culture 
esembles that seen in direct films, but there~is much^r^t^ 
‘reg ularity in siz e, s wolle n and badl v staininp degenerated coc ci 
eing present, and the diplococca) form is accompanied by smde 
occi or tetrads. 

The gonococcus has very slight ,powers_of. resistance. It dies 
in culture in a few days at 37®, and even more rapidly at nir 
temperature or in the refrigerator. It is killed by exposure to a 
temperature of 42® for some hours. Desiccation.and exposure to 
sunlight or to weak disinfectants kill it rapidly. It has, however, 
been found to survive as long as several weeks when dried in ^ 
thick layer of pus. ~~ ~ 

‘~By the inoculation of animals a gglutinating s era may be pro- 
duced. There are a considerable number of distinct s erolpg u^ 
types of gonoco cci. This fact has to be allowed for in makjOS 
use of cc ^plernent .fixajion test s, for diagnosis and m using 
vaccinesTor treatment. 

Man is the only animal naturally infected by g onoco0'- 
Infection is, on account of the delicacy of the organism, al^l 
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a lways d irect JromJndividuaLtoJndividual The gonococcus 
attacks chiefly the urethra , both in the male and female , produci ng 
an acute catarrh. 'I^gQKi-qwcklyjynetrate the_surface».passing 
b etween the epithelial cel ls which a^loosened_and_desquamated, 
and invade Jhe tissues as'far as jhe superficial layers of the sub- 
mjiCQUS-UQnnectiyeJissue. There is an energetic emigration of ! 
> Poly morphonucl ear leucoi^tes, ^ndihe-discharge, at firstimucoid . ^ 
s^n becomeS^urulent. The disease spreads and, in the male, if 
untreatecT^ he prostate may be involved and occasionally the 
^bladder. ^rchitis and inflammation of the^ord and"epididymis 
are also of fairly frequent occurrence. the female the .urethra 


g^erally venereal, but is due to the use in common of utensils 
or clothes, especmlly in children’s hospitals and schools in which 
the condition may become endemic. The disease in the woman 
often involves the elands of Bartholin .and, more rarely, the 

_ 1 The gonococcus is a common 

■— , uent sterility and of localise d 

. ■ ' — — . • sex. tly Pnucous membrane o f 

th,^ rprtnm an d anus mav be involved . y/Zionococcal cpnjunctivitis~ | 
may occur at anvac e, but particularly in the_new-born , from inje c- 
tion_during parturition. T he resulting ophth almia neonatorum ' 
ifneglcacdrmay-^auso blindness. HionococcaT se^iciem ia; witlT 
nr without endocarditi s, occurs as a complication ot gonorrhaa, 
as also does arthntis 

The gonococcus is almost without pathogenicity for the lower 

animals. , , ^ . .. 

. - ._.t- — very little, if any, immun - 

r. mav esist in a quiescent 
scanty-.QC_in deed abs ent. 
A person in this condition may inlcct another in coitus, or the 
l disease may suddcnlyjtccpmc active in himself, often in response 
' ' to~some sumulus' such as an alcoholic debauch. 

The bacteriological diagnosis of acute gonorrhcca in the male 
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is not difTicuIl, as the microscopic picture in films of pus from t he 
urethra is so characterist ic. Grain’s method of staining, it should 
be emphasised, is the only reliable one for diagnostic purposes. 
A diagnosis can never be given in any case unless typical grou ping 
of Gram negative diplococci is seen within a cell. In the femal e, 
d iagnosis is lcss_ea sv. Pus fro m the u rethra, cervixl glan^f 
Bartholi'n-or- clitoris should-be-obtained-”vagmal_ swabs are 
prac tically u seless. S ince other Gram negative cocci are frequently 
/ found in the va gina, in addition to satisfying the criteria men* 

!F /'tioned above, cultures should be madeJ^ Whe n pus is scanty jjs 
amount may be increased, and also the number_of gonococci, in_ 
various ways.-ZTlie chief of these arc excess of ^cohp l, injection of 
s ilver ni trate solution i nto th e urethra and the use of d^'accinein 
s ufficient dose to obtain a marked local reaction. In other parts of 
the body the diagnosis is even more difficult, on account of the 
possible presence of other neisseria . Cultures should be obtained 
and the gonococcus identified by its various characteristics, includ- 
ing Usfennentatlon_ofgluco^^ Apart from microscopic and 

cultural methods, a diagnosis of g onorrhcea may sometimes be 
made by the complement fixation tes t. This is uncertain in acute 
cases, in the late complica tion s of the disea se, such as arthritis. 
it i s of consid era ble val ue. On account of the ma ny types o f 
gonococci It IS e s sential That th e antigen should be pol yvalen t 
The treatment of gonorrhoea has been revolutionised by the 
introduction of the sulphonamides and penicillin, to the action of 
both of which nor mal strains are highly suscept ible, ^^s a result 
of inadequate and irregular treatment with sulphonamides, 
resistant strains of the organism have develope d. For the treat- 
ment of patients suffering from infection with one of these strains, 
penicillin should be used. Resistance to penicillin may also develop 
for the same reasons and we feel it only right to warn every doctor 
having the care of a patient suffering from gonorrhcea that jt is 
his duty to treat that patient, whether with sulphonamide or 
penicillin, adequately or not at all. 
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CHAPTER XXVII ^ 


Bacillus anthracis 
Koch, 1876 


B. anthracis shows considerable va riations in si ze, being usually 
5-10[j. bv l-2u. It IS found, in the lesions which it produces in 
animals and man, s ingly, in pairs, or in short cliams*,iv’bich_rarely 
consist of more than five individual bacilli. Under natural condi- 
tionsVis surrounieH hv a camnle-.'The adjacenjLcndsjaLbacilh 
in chains airoar either lo_JW-sliatply cut-across or.sUghtly 
dimpled. The result of the latter form is that an pv aljinstamed 
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upper part of the medium lhan belo w, the ,whjoIe 



bottom of the tube, leaving the upper part of the broth almc 
/ clear. T he bacillus ferments Jt lucose. 

I maltose, and saccharose without ga s 
productio n. 

The microscopic appearance of an_^ 
t hrax bacilli in.culture is different in 
many respects from that of bacilli re- 
moved fiom an animars body. In 
artificial media lone cha ins of 
baci/li occur. •C apsules are not forme d 
unless the mediumJsJIuid serum and, 
even in this, their presence is not 
constant. 




Fio. 52 . — Edge OF Colony Of ^ anlhracis 
ON Agar (x 75), 


Fig 53 — ^ 
f/tracls tS 
Gelatin (>^ H 


After a few, days’ growth, or even in 24 hours in some cases, 3 
s mall retractile spot is to be seen in the centre of ma ny— 
bacilli when they are examined unstained. In stained preparatioi^ 
this spot may appear to be at first a less intensely stained part ot 
t he baciUu s. After.a short time its size increases, vntil it is see i^t^ 
he riefinitely jinstaincd bod^ ^ s ituated at abo ut,! ® 

centre of the bacillus. Gradually , th e t>ac il!us_ disintegrates an 
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this body, now the fully /onned» oval spore ^Js liberated.- The 
spore is uncoloured by ordinary stai ^,J )ut may be demonstrated 
by one of the special spore stains. As has already been mentioned, 
/* spores are never found in the body nf an anim.il Hnring iir .» 

/ Fur*'-'*- 7 'rr • 

‘t cult 

’ 1 £_ ■ _ • ‘ ; 
a^Oye^-tz. . m laei, uv mQion eea-cumvaiion ot me oacui!at42“ 
to 43% or by growin g on a medium containing phenol/a strain i s 
produced whi ch may never regain th e powe r to produce spores. 
The explanation of these isolated facts concerning the spore 



Fia, 54. — B anfhrads from Aqar 
Culture (x 750) 


production of anthrax bacilli is unknown, but the facts them - 
selves are of considerable practical import ance_Ja-dealm5^viIh 
the disease 

Thcjesistan^ of the v egetative form Jif anthrax baciJli-is le_s^ 


tufc of 140’ may be necessary to kill them, but when s\el 10 
minutes boding is sufficient The power of resistance of difTercnt 
strains against disinfectants i s veiy yanabjc. Groiith has occurred 
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frqr^pores which had \^n in contact with a 5 per cent, solution 
of ^en^for 14 days. ^rmaUn.is one of the most potent disin - 
fectan{§_i}£ain .sL-anthrax ~^ppig_s..an d Is largely 'emplifv ed in 
the treatment of infected animal p ro ducts such a s wool and 
hides. ■ 

Hie natural disease affects herbivora — chiefly sheep and cattle 
— ^in which the mortality may be as high as 80 per cent. Horses, 
goats, and pigs are less commonly attacked. Elephants are sus- 
ceptible. The * 

enlargement of • ’ , 

has been given ' ' • • '* • 

colour, is veryj 

7l1imV>ftre aC ■ , i .j 


ba( 
arc 
|r£S 
‘cln 
I the 


rarely causes infection, it has been suggested thatl lie consutn p 
tion of food which inflicts damage to the mucous membran^l s 
essentia l., if, fdr^xampi^'tKofns ‘wwe ingested with anthrai 
spores, the damage inflicted by the thorns might be sufficient to 


A s has been said above, spores are not found in the body^^l 
b efore_d e ath there are commonly bloody disch arges from th e 
mouth, nostrils o r an us and t hese contain anth taxJiacijh'; .Oo 
g round th e bactlh may assume spore. fo rm, and so t he pasture if 
in fecicd T snd ^ ay r Smaiirinjh isso nditiQ n /orj naDy 
thg anlmalis-bodmdeep ly bune d unopened, the bacilli m it, being 
\vitiiQUt_oxygen, cannot spore andTTn i-nricf»qin»r]re, r,-^pi^lv_dlgi 
Only where a post-mortem cMinination has been performed is 
there any great danger of spreading the disease from a dead body- 
Animals may also be afiectcd with the ^utaneous form ofanthrfl^ 





ulcers The su rrounding tissues arc congested _a nH 
and fhe^lT ronchial and mediastinal lympha tic gla nds are enorm- 
ously enlarged and engorged. Thd lunc tissu e itself shows similar 
( • ’ -'-T frequently present. Pleura l ■ 

• . ,• • • 1 and a state of general sep- 

j , . ^ ■ • c absence of treatment with 

penicillin, occurs in practically all cases. 

I The intestinal form..which is rare in ma n, may dneiJn ih^ 
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the swallowing of 

, , , t b yJigmoiihaeic 

. the appearances, 

in the later stages, resemble fairly closely those found in the 
disease in sheep. , ^ a 

Tlie smaller laboratory animals-^icc, guinea-pig s andYabbits 
. — arc ^uscc ptible, in the order named, to anthrax infection as a 
' result of su^utancmisinoculaiion. This fact allows us to judge 
- the v irulence of a given s trai n of anthrax bacillus with consider- 
able accuracy. If fully virulent, it will kill all three animals; if 
of moderate virulence, mice and guinea-pigs but not rabbits mil 



Fia. 35. — B. anthrach JN S£cno.v 
OF KroNTV OF iNITCno Guinm- 
PlO (X400). 

succumb; while if the virulence is low only the mouse will die. 
A strain almost or’complctcly devoid of virulence fads to cause 
the death of any of the three animals. As a result of subcutaty ou^ 
in oculation o f fully viru lent bacilli , the ani mal ^'es w ithin 2 ^ 



in large numbers in fhe jieart’ s.blood. 

The precise c ause of d eath in anthrax js as yet uncertain. There 
may be a"1 nechanical ractoc-from-capUIary-blockage , but this 
cannot be the chief one. The disease has the appearance of an 
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slowly than with most other organisms. A strain which has l ost ) 
its power of producmi^ cat?sules a nd th e colonies of which are ^ 
mlatively smooth has usually also lost its virulen ce. Virulence \ 
can be loweretTfairly rapidly in a number of ways. Pasteur, by 
Culturing the bacilli at a temperature of 42° to 43°, produced a 
strai n of non-virulent bacilli. Loss of virulence i^Iso attained 
by the addition of small amounts of phenol or other antiseptic to '• 
the culture medium/ V irulence can be exalted by passa ge throu g h ^ 
susceptible animals . 

^phylaxis._so far as man is concerned, is a matter chiefly of 
i ndustrial hvg^ e In the case of the herbivorous animals, 
ordinary hygiene is impotent, since the sterilisation of infected 
pastures is impossible Pasteur i mmunised sheep and cat tle.with 
living c ultures of the bacilli the virulen ce of^which, had .been 
red uced by cultivatio n at.42^. . In about 1 per cent, of the inocu- 
lated animals death from anthrax occurred ; but this was preferable 
lo the v ery high mortaj Lty_frpm the natural disease, at that time 
widespread throughout France. The immunity^thus jro duce.d 
l asts about 1 ye ar. " 

The laboratory confirmation of a “diagnosis of malignant 
pustule presents no diflicuUics if material from the pustule is 
obtained at’ ^n early sta ge, as B. anth racis can easily be found in ^ 
microscopical preparations and can be isolated culturally In the 
l ater stag es, however, the bacilli may not be found either micro- 
scopically, culturally, or by animal inoculation, and it may not ^ 
be possible to confirm the clinical diagnosis. In the case of 
respirato ry or i ntestinal anthrax i t is essential to isolate the 
bacillus, m the one case from the sputum and in the other 
from the to prove its pathogenicity before making a 

diagnosj s.Mt should be recollected that, sin ca-C-<w//ir< icrs docs? 
not spore in the body, it is wrong to h eat the material cx'amined,| 
as by doing so any anthrax baalU will be destroyed. 
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and, occasionally, m the faces. It is commonly present in the hay 
and straw used for packing glassware which, as the spores are ver y 
resistant to heat , makes obvious the necessity of thorough sterilisa- 
tion before the apparatus is used in the laboratory The mucoid • 
variant (g me^entericus\ is rcsponsible-for the-roPiness_occa sion; ( 
ally occurring in_bread. 



CHAPTER XXVIII 


Cor} ncbacicrium diphthcris 
J KIcbs and Lafilcr, 1883 

C. diphtheria', in preparations made from cultures on serum 
medium, is a straight or slightly cii rvccLbacillii^. Its average size 
3 to 5u by 0 3 to 0 4 {a; but great variations in size are met with, 
depending partly on the strain and partly on the culture medium 
used. It stains V ‘ ’ f! ■ 

but usually strain . , ...... 



Fig. 56 — C. diphtheria: from Serum 
CULTORE (X 800). 


culture resist _decolorisati on l ess we ll than those lately isolated. 
The bacilli are rarely of uniform^ diameter throughout their 
length; most commonly one or bot h end s are somewhat wider 
t han the c entral part, pr<^ucing'a J ^piublLefTcct^ - On the other 
hand, ceHain individualsTaper towards the ends, the centra! par 
being widest. Although some strains of diphtheria bacilli stain 
uniformly, i Lisjmor&^com ino iLJa^d -aQ.arraDgeDient ofaLtejr*; 
ately d arkly and .lightly stain ing_p ac ^ . This ^yes to the.bacdws 
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observed with ^bffler’ s alkaline methylene blue stain .'frequently 


at the ends ' 

rarely, aloi 




or'.rnbre 
line oval 

bodies, the ~ 
methods h 




'staining 
, 'Keisser’s 


method the g ranule s^are stained biji e and th e rest .oLthe. bacilli 
brown . With an old.t-jiolychromatic methylene blue stain the 



Fio 37.— C. diphiherltr in False 
Membrane (x 950) 


granules appear of a reddish violet colour. In addition to these 
characteri stics, certain other poin ts which may assist in identifying 
the organism should be mentioned. There is, in a pure culture, 
a marked lack of uniformity in size , morphology and staini ng 
peculiarities in the individual bacilli. -^Long and sh ort forms, 
u niforrn lxstaining.and£ranular.$ac‘illi arc seen lying side byjside 
There is also a rather charactcnstic grouping oft hc bacilluvhich 
o ccur usually m p ajrs. The tv yo org anisms..bowcver. are scarcely 
ever arranged end to end, huLmoskCOmmonly closcJogctherind 
parallel, or with one end of one in contact with an end of the 
other, the two lying at an acute angle. 



CHAPTER XXVIII 


Cor}ncbaclcrium diphthcri® 
Klcbs and Lofiler, 1883 


C. diphtheria, in preparations made from cultures on serum 
medium, is a straight or slightly curve d haeilliH. Its average size 
is 3jo_Sp. by P‘3 to 0-4 {i; but great variations in size are met with, 
depending partly on the strain and partly on the culture medium 
used. It stains well with the aniline stains and is Gram positue, 
but usually strains which have lycn kept for spmejtime in arti ficia l 



Fio. 56 — C. diphtherue frosj Seriai 
C uLTimE (X 800). 


lultur e resist decolorisat ion l ess we ll than those lately Jsolate 
The bacilli are rarely of uniform^ diameter throughout their 
ength; most commonly one or both end^are somewhat 
han the c entral part, producing a --3uh|; .effect^ On the other 
land, certain individuals'^taper towards the ends, the central par 
leing widest. Although some strains of diphtheria bacilli staiD 
iniformly, i tJS-more-co.m niO P-ttiAid . an.arr ang eme;it J?f^ll^^l 
tely darkly and^ lightly stai ning, p arte. This g ives to .the.baciltos 
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1 Irifrmediu^ group on Method’s 4 I ilm »tainrd h^ Cram’s 
nicJium method 

’ Mills croup on McI-eod'» 5 Film stained sMth meths lene V 

medium. Wue. ' ' 

a rtr^v.s eroiin on Melx^id's 6 > dm stsine.l I.v 
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The above description applies chiefly to C. diphtheria as it 
occurs in cijlturc^n^crum mcdjum. /Films prepared from jtg^ 
cultures show bacilli which stain less typically and in which 
development of granules is less marked. After 2 or 3 days’ culture 


J scattered irreg ularl y, or in small _£fQUPS».chictlyJowards the sur- 
I fac e. They usually are somewhat 'Snorter, stafnjnnx^uniformly 
ancTshow le ss ten dency to produce “clubs” than do bacilli from 
cultures. Nmsser s stam may fail (6 demonstrate metachromatic 
granule s, or may succccdln only a sm^I proportion of the baciQi 
The diphtheria bacillus is aerobic and facultativel y anaerobic. 
Itiscas ‘ ^ rrm.j — ..i., 

c ontain 

choicrj. . . 

colonies appear in Icssjhan 12 hours, (hat is more rapidly thaa 
the majority of other baciefia'Tikcly to occur about the throat. 
The result of culturing a throat swab on serum is, therefore, to 
increase the proportion of diphtheria bacilli to other organisms 
'The bacillus may grow feebly on plain agar w-hen freshly isolated, 
but m later cultures grows wcll.^/Primary cultures may always be 
obtained on blood-agar or agar containing scrum or ascitic fluid- 
It has long been known that different strains of C. diphlj}^d‘^ 
present considerable differences in cultural characteristics, fbe 
.work of McLeod and othe ■ ■ • ■ 

being due to the occurrence • . • ■ 

— Gravis, Intcr mcdius and * * ' . • 

as types ," but since a large number of types may be dilferentiateO 
by serological means, we prefer to describe them as va.rieti_es.. At 
first, for differentiation, reliance was placed on the (ohn of co lony 
produced on a s pecialVfelood-tellu rite^niedium, but this k now 
supplemented by~other’*difrerential chamcferistics. The^ur^^ 
variety, on the special medium, produceV^g^^y_or_grey^bl££.^* 
’Qa^' head_col onies: in brpthJt produces a heavy peJIide an 
gr anular d e pos it with the bulk of the fluid clear: it feTOen ts^arc_ 
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Without clouding or surface growth; it does not ferment s tarch 
and IS never h$molytic. The bacilli are almost entirely of the 
barred form with poor development of metachromatic granules. 


ment starrh ancLi-^hrEm olyiic- Several serological types' o*^ch 
of the three varieties occur. 

/ A\[ true diphtheria bacilli ferment glucos e and the majority 
maltose , but none ferment saccharose. 

Diphtheria bacilli have m uch greater powers ofrcsistance than 
t he maioritv of non-spormg bacteria" They may remain alive m 
dried false membrane for several months at room temperature, or 
for l_hour at 98®. When moist, however, an exposure to 60® kills 
them in a few minutes. 



firmly attached to it, arc the remains of the mucous membrane of 
the part.'many of the cells of whichhavcimdergone necroses. The 
V local disease is frequently made more serious by the presence of 
other bacteria, particularly <lrcptococci and Staphylococci. A 
false membrane may be found in other parts of the body, such as 
the conjuncUva, yul^, s^ina, and in pounds, but much more 
rarelylhan m the rcrpiratory tract In young childreji, a_blood-J 
stained discharge from the nostrils is frequently due to infection 

with the diphtheria bacdlus. 

The false membrane may cause death of the patient from_ 
obstruction to respiration, especially when situated In the larynx, 
but death” is much more commonly due to ihc'^vcrc systemic 

ii»— x’ 
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ther ia is grown in the form of a pellicle o n_the surface of broth of 
suitable composition until the concentration of toxin in the broth 
reaches a maximum, which usually occurs in 8 to 10 days. The 
broth is then filtered through a porcelain filter. The toxic ^tcate ■ 
so obtained is usually spoken of as “toyin’ *, although toxin is 
only one of the substances contained in it. 

p ,t ..v— 


state^it is much less easily injured by heat. It r etains it rpotency 
for several months if kept in sealed tubes at a low temperature. 

A typical toxic tilirale'may h^ve'valuS sfinil^o the following: 


M.L.D. 

. 0 002 ml. 

M.R.D. 

. 0 000002 ml. 

L^. dose 

. 0180 ml. 

Lfdosc. 

. 0 175 ml. 

Lf dose 

. 0155 m). 


The M.L.D. (minimum lethal dose) is the smallest amount 
hich kills a guinea*pig of 250g. weight in 4 days after subcu- 
ineous inoculation. 

The M.R.D. (minimum reacting dose) is the smallest amount 
sMiich, injected intradermally into a guinea-pig, causes a red 
'lush 5 mm. in diameter within 36 hours. 

The L+ dose is the amount of filtrate which, injected subcu- 
taneously into a 250 g. guinea-pig together with 1 unit of anti- 
toxin, kills on the fourth day. 

The Lr dose is the amount which, injected intradermally into a 
guinca-pig together with 1 unit of antitoxin, causes a red flush 
5 mm in diameter. 

The Lf dose is the amount which, when mixed with 1 unit of 
antitoxin, floccu lates more rapidly than docs any other volume 
with the same amount of antitoxin. 

One__a ttack of di phtheria usual ly protects tjic_paticnt_againsn 
the diseas e for_lifc as a result _of thejJeyclopmcnt of antitoxin^ 
A considerable percentage of people, howeser, who base neser 
sufTered from diphtheria do not acquire it when exposed to infee- 
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d^ui^^eca iised^by-the-discase. Arthough a few dfphthen a 
bacilli may be found in_t he_internal. organs, such as the splegn, 
there is never, m this disease, a widespread infection or sep- 
ticiemia. T he remote effec ts are due entirely to t he virulent toxin 
formed b^the g rowt h of t^he bac illi. To this toxin are to be 


seen. The m arked lowering in the blood pressure in the disease is 
probably to be attnbuted ^o the effects oflBe toxin on the 
^adrena l glands. 

^ in addition toman, the rabbit and guinea~ptg, the ox, horse, cat, 
dog and small birds are susceptible to the effects of the bacilli or 
their toxin, "^he mouse and rat are relatively immune. These 
animals rarely, if ever, develop the disease naturally; but in the 
rabbit, for example, a false membrane similar to that in man may 
be produced inoculation ifThe mucous membrane be previously 
injured by sgaiific ation . The ’subcutaneous inoculation of a 
guinea*pig with a su/Hcient amount of a virulent culture of bacilli 
produces death in 36 to 72 hours. The local lesion is a s mall 
greyish area of necros is wi^h s ome fibrinous exudat ion; suiroujid* 
iog this IS an extensive zone of cede ma whh conges tion and 
t pccasionaily small hemorrhages. The neighbouring lymph glands 
are swollen, cedematous anH congested. The mtemal organs are 
usually congested. This is most marked in the adrenal s, which are 
often hgmorrf^ic. The’epi thcli un i of the tubul es of t he^fa^gf 
and the cells of the hverexhibit cloud y swelling. Sero us eff^usion^ 

‘^ay occur in the bodxcav^s, artd'^mor^ages in the serous 
membmnes. These effects arc due almost entirely to the toxin, 
since there is little invasion of the animal’s body by the baciW- 
Indeed, the injection of toxin free from bacilli produces almost the 
same effects. If a smaller dose is administered, death may not 

occur c ■ ' ^ ■ ■ ysis^- 

mencin * 

^ Fori . 

’ toxin. To obtain this, an a ctively toxig enic strain of C di^' 
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therict i s grown jn th e form of a i xllicle on the surface of br^h jjf 
salable composition untifthVconcentration of toxin in the broth 
reaches a maximum, which usually occurs in 8 to 10 days. The 
broth is then filtered through a porcelain filter. The tgxiC-filtrate 
so obtained is usually spoken of as ‘*toxm* *. although toxin is 
only one of the substances contained in it. 


state_^it IS much less easily injured by heat. It retains its potency 
for several months if kept in sealed tubes at a low temperature. 

A typical toxTc filtrate may have values similar to the following: 


M.L.D. 

. 0 002 ml. 

M.R.D. 

0 000002 ml, 

L+ dose 

. 0 180 ml. 

Lfdose. 

. 0175 ml. 

Lr dose 

. 0 155 ml. 


The M.L.D. (minimum lethal dose) is the smallest amount 
hich kills a guinea-pig of 250g. weight in 4 days after subcu- 
ineous inoculation. 

The M.R.D. (minimum reacting dose) is the smallest amount 
.sfiich, injected intradermally into a guinca-pig, causes a red 
'lu>h 5 mm. in diameter within 36 hours. 

The L+ dose is the amount of filtrate which, injected subcu- 
.a*ii.ously into a 250 g. gumca-pig together with 1 unit of anti- 
toxin, kills on the fourth day. 

The L, dose is the amount which, injected intradermally into a 
guinea-pig together with 1 unit of antitoxin, causes a red flush 
5 mm. in diameter. 

The Lf dose is the amount which, when mixed with 1 unit of 
antitoxin, flocc ulates more rapidly than docs any other volume 
with the same amount of antitoxin. 

One a ttack of d iphth ena usua lly protects the patient acains^V 
the disease for life as a result of the desclopment of antitoxin^ 

A considerable percentage of people, however, who have never 
suffered from diphtheria do not acquire it when exposed to infee- 
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disturbancc_causcd by^lhe^discasc. Although a few diphther ia 
ba ciffi m ay found in {he internal, oigans, such .as the_spleen, 
there is never, in this disease, a widespread infection or sep- 
tiCcTmia. Th^remote c/Tects arc due cntirelyjo thejvirulentjoxin 
formed by the growth of the bacilli. To this toxin are to be 


seen. The m arked lo wcmig injh^ blood p ressure in the disease is 
probably to be attributed to the efiects of the joxin on the 
' a^cnatgUmd^. 

In addition to man, the rabbit and guinea-pig, the ox, horse, cat, 
dog and small birds are susceptible to the effects of the bacilli or 
their toxin, '^hc mouse and rat arc relatively immune. These 
animals rarely, if ever, develop the disease naturally; but in the 
rabbit, for example, a false membrane similar to that in man may 
be produced inoculation iffhe mucous membrane be previously 
injured by s.canficatlon. The ’subcutaneous inoculation of a 
guinea-pig with a suflicient amount of a virulent culture of bacilli 
produces death in 36 to 72 hours. The local lesion is a small 
** greyish ar ea of necrojis witjt s ome fibrinous e.xudation; surround- 
ing this IS an extensive zone of trdema with conges tion an d 
« occasionally small h.Tmorrhagcs. The neighbouring lymph glands 
are swollen, cedematous and congested. The internal organs are 
usually congested. This ispiost marked in the adrenal s, which are 
ofler^ hxmor rhagjc. The 'epitlwlium^f Ihe tubules of the ki^ey 
.. and the cells of the live^cxhibil swelling. *'§erous effusions 

-'^ay occur m the body c ayllics , and’Ii®mor?hages in the serous 
membranes. These elTects arc due almost entirely to the toxin, 
siiTM there is little invasion of the animal’s body by the bacilli. 
Indeed, the injection of toxin free from bacilli produces almost the 
same effects. If a smaller dose is administered, death may not 
occur or may be greatly delayed/ A progressive paral ysiS;_com- 
mencing in the hind jegs, appears in from 2 to ^weeks. , 

For the preparation of antitoxjo the first essential is a jiotenl 
^xin. To obtain this, an a ctively toxig enic strain of C. diph- 
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tfjen/T is grown tn the fon n of a pellicle on the surface of broth j>f 
suitablFcbmposition until the concentration of toxin in the broth 
reaches a maximum, which usually occurs in 8 to 10 days. The 
broth is then filtered through a porcelain filter. The toxic-filtrate 
so obtained is usually spoken of as “toxin" , although toxin is 
only one of the substances contained in it. 

Diphtheria toxin is relatively unstable, es pecially when exposed 
t o light and air. Exposure to a temperature of 58~fbr a few hours 
or 100° for a few minutes completely destroys it but, in the dry 
stat^it is much less easily injured by heat. It r etains it^ otency 
for several months if kept in sealed lubes at a low temperature, 

A typical toxic filtrate may have varueTsimnano the following: 


M.L.D. 



. 0 002 ml. 

M.R.D. 



. 0 000002 ml. 

L^. dose 



. 0 180 ml. 

Lr dose. 



. 0175 ml. 

Lf dose 



. 0 155 ml. 


The M.L.D. (minimum lethal dose) is the smallest amount 
vhich kills a guinea-pig of 250g. weight in 4 days after subcu- 
• meous inoculation. 

The M.R.D. (minimum reacting dose) is the smallest amount 
which, inj'ccted intradermally into a guinca-pig, causes a red 
flush 5 mm. in diameter within 36 hours. 

The L+ dose is the amount of filtrate which, inj’ectcd subcu- 
tuu^ously into a 250 g. guinea-pig together with 1 unit of anti- 
toxin, kills on the fourth day. 

The Lr dose is the amount which, injected intradermally into a 
guinea-pig together with 1 unit of antitoxin, causes a red flush 
5 mm in diameter. 

The Lf dose is the amount which, when mixed with 1 unit of 
antitoxin, floccu lates more rapidly than does any other volume 
with the same amount of antitoxin. 

On e attack of diphtheria usually protects the pa tient aga inst 
t he disease for life as a resu lt of the development _of ant itoxin. 
A considerable percentage of people, however, who have never 
suffered from diphtheria do not acquire it when exposed to infec- 
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di^urba^ncc_ caused by_thc-.discasc. Although a few diphtheri a 
b^Uli may be f ound injheJmcrnal organs^ such a*; the <:pW,n, 
there is never, in this disease, a widespread infection or sep- 
ticaimia. T he remote eflec ts are due entirely__to_the_virulent to’dn 
formed by the growth of'thc_bacjiy. "To thfs toxin are to be 

ascribed the injin' ~ , 

the occurrence o 

were frequent in the prc*antitoxin era and arc still occasionally 
seen. The m arked lowcfin g in the blood p ressure in the disease is 
j>robab!y to be attributed to the eflecls of'Tfie toxin on the 
^drennlj;]ands; 

.1 In addition to man, the rabbit and guinea-pig, the ox, horse, cal, 
dog and small birds arc susceptible to the eflects of the bacilli or 
their toxin, •^hc mouse and rat arc relatively immune. These 
animals rarely, if ever, develop the disease naturally; but in the 
rabbit, for example, a false membrane similar to that in man may 
be produced byinoculation iffhe mucous membrane be previously 
injured by scadfication. The 'subcutaneous inoculation of a 
guinea-pig with a sufficient amount of a virulent culture of baciUi 
produces death in 36 (o 72 hours. The local lesion is a small 
‘ crevt<h area of necros is ••••**' . mrr^nn/^. 

ing_this is an extensive .• • : ■ ■ • 

I occasionally small hxmc . I • _ 

are swollen, cedematous and congested. The internal orga ns are 
usually congested. This is most marked in the adrenal s, which^ 
often h gmor rhagy. ThCcpitheltum of jheju^jes of jhejd^ey 
and the cells of the liver exhibiT cloudy suelling. ^ero us effusions 
"ibay occur in the body cavities, and^lucmorrhages in the serous 
membranes. These effects arc due almost entirely to the toyn» 
since there is little invasion of the animal’s body by the bacilli 
Indeed, the injection of toxm free from bacilli produces almost the 
same effects. If a smaller dose is administered, death may nof 
occur or may be greatly delayed/ A progressive paraly sij^^cont* 
mencinp in the hind leg s, appears in fr om 2 to 3 we eks. , 

For the preparation of antito^n the first essential is 
toxin. To obtain this, an actively toxigenic strain of C. dipjf' 
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which should be in cubated fo r_12 to IJ hours. Films are prepared 
by taking sweeps from this UiJje, and nrey^ained_by'l.Qfner’s 
alkahne_methylen£,blue, by'^m^and by'^eisseils methods. 
As a routine, the author prefers Ldfller’s stain, by which the 
morphology of th' 
teriologists prefer 
t herotd -baciH 
b acillus) may_ 
bacillus is ve 

' atypical s trains of the tw o ma y , h a ve a close resemblance t o,_oiie 
anot her. It is always found, however, that, with increased experi- 
ence, the number of cases in which any doubt exists greatly 
diminishes. the case_of a throat condit i on which is clinically , ' 
suspiciflua^Qacisii istified in je portin gfls diphthcria-baci llus any 
organisnuwhichJus.typical-cultural and-microscopicai-appear--' 
ance— In the majority of cases the method outlined above is 
satisfactory but occasionally, especially when the swab was taken 
rom a convalescent case before release, despite the select ive. . 
ct ion of sol idified serum on the growth of_ di phtheria, t he 
irganism, although present in the throat, may not be found in 
Mms prepafed'from the serum culj^re. For this reason it is 
• Lrongly recommended that two cultures should a^ays be made 
fr/im swnh^ rom-the throat and nose — one on serum a nd the 
other on a medium containin 6 ''telluritc. The older tellurite media, 
CM H as that of Horgan and Ma rshall, while having the advantage 
of being almost selective for C. tiiphthence and other coryne- 
bacteria, have two d isadvantag es. The ^r_st is that C. diphtheria 
pr ows so slowly on ihem that7m order to obtain recognisable 
colonies, incubation must be prolonged for 48 hours. The s econd 
IS that, on these media, the morpholo g y of the organism s js^ s_o 
atyp^al that, for their microscopic identification, they must be 
subcultured on serum. Both these lead to considerable delay in 
reporting the results of a throat swab. The newer tellurite med ia, | 
an d p articularl¥.JIoylel5^have neither of these disadvantages 
Suspicious colonies appear within 24 hours and films can be pre- 
pared'drreciHy 'irorh the medium. A further advantage of Hoyle’s 


s bacillus is most clearly seen; but some bac- 
Gram’s slain. Occasionally some of th e diph- p 
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tion. They may even become " ^rriers oF virulent diphtheria 
bacilli without any apparent ill ctFects. The bacilli are in their 
throats but the disease does not develop. The exp lanation is the 
p resence in the s erum of such persons of a small amount ofanti- 
toxin^ •''Whether a person exposed to infection does or does not 
develop diphtheria depends very largely on whether or not anti- 
toxin is present in his blood. This can be discovered by the 
Schick ^ test. i ^small amount fl/50 of a g uinea- pig M.LD.) of 

toxin is injected intradwr '** ryruzrr-:.. 

oxrmly a ver y sm all amo 

the ;^kjn at the site of inb{ * • 

bright red areola a few c • 

remains intense Tor more than a.-week, when-it gradually passes 
off, but a brownish discolorati on may remain for some weeks: 
v thisjs..ajQsitu *C»t:g$ult. Readings are commonly made after 24 or 
48 hours but the best time is probably from 5 to 7 days after 
injection, amount of toxinussfUrUheJ^t was selected as 
l ikely t o give a negative result in persons with more than 1/30 
of a unit of antitoxin per ml. in their sera, but recent work sho«s 
' ' ' * * * ’ '^’ en as littl e as 

■1s]^3r^waysjufficient 

iaintest-reaclion-shouW 

be considered asjmsitiye. In making the test, it is always neces- 
sary to inoculate the other anp with the same amount of toxic fil- 
trate which has been heated to 75” to destroy its toxin. This con- 
trol reveals a pseudo-T eacfion whic h is non-s pecific, and 
e ither to the protein substances^j^he brot h or to p roducts.oflhc 
grow th of the organismijalher than toxin. In a pseudo-reaction, 
both the site of the toxin and of the control injection exhibit a 
certain amount offnfiltration and congestion/The.lSduckjeacllQn 
k very use ful^S-i1LenableS-J?nc4ajudge>who-are immune and 
whoitLit yould be advisable to inoculate ja.order_to confer on 
them either.passive or active immunity. 

For the b acteriolo^ical.diagnosis oLdip hthsria. it is 
to make a culture of the bactena collected on n swab,, vine 

swab should be rubbed gently.over the surface of a serum tube 
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noseJlf one,of these is tested as described, both^nimals die, but 
n^her shows^typical postrmortem.signs of diphthenVtoxsinia. 
When several strains arc to be tested for virulence, the i ntrader nTal_ 
method may be used. A suspension of the organism is made which 
is just opales cent (about SOO millions per ml). The hair is 
removed from the flanks of two white guinea-pigs, one of which 
has previously been protected by an injection of antitoxin, and 
0 2 ml. of the suspension is injected into each intradermally. If the 
b acillus is virul ent a_jed area of 1 to 2 cm. i n diameter develops in 
the unprotected animal in 24 hours. ^The colour fades in 3 to 4* 
days leaving a necrotic area with a scab. The protected animal 
shows no lesion. By this method several cultures may be tested 
using the two guinea-pigs. 

Since practic ally all diphtheria bacjl li of the Gravis and Inter- C- 
medtus varieties are toxigenic, il usually suffices to determine that 
the organism is a diphtheria bacillus morphology, fermenta- j 
lion of glucose and failure to ferment saccharose) ajid that If ^ 
belongs to either the Gravis variet y (by colony form bn NlcLeod’s" 
medium , growth m broth, and fermenlalion of starch) or to the 
intermediusj/^OCty (by colony form and growth in broth). Only 
m exccpfional cases is a ^mlence test of either variety essential. 



Diphthe ria is most c omnionjy^pread^py,aropje_ts jrom the J!) 
mouths either ot those\vith the disease or.of carriers. _The prob- ^ 
lenTof the is of great importance in the spread of diph- 

theria Althou^ in the m aiority of cases the bacilli disappear 
few weeks after th e separation o f th e false membran e, in 
the remainder they may persist for a much longer time; in a few 
cases for 6 months or so. ‘Many persons who have never suffered 
from diphtheria are carriers of the organism. The.c acrie r.state is 
■tometime s very in trac|abl g nnH m ny nl] ihi^ iKiial nfitKppji.- , 
measures , The most successfu l treatment js_the_removal__of 
unhe althy tonsils an d*adeno jds,^the__i ^fgica l ,cor^ctig n of any 
abnormalities in the nose and the local application of penicillin, u. 
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medium is that, on it, it is usually possible to distinguish from the 

appearance of the colony the raricty of C. diph tlwri^ pTowinfi on U. 

When there is any doubt as to \vhclhcr-the organism reported 
as C. (liplulicricr on microscopical evidence is a virulent bacillus, 
or \vhcn__thc_cxcl usion _of.a suspected carrierTrom school or 
employment is involved, something more than a microscopical 
identification is required. v/Thc final proof that an organism is a 
diphtheria bacillus depends on its power of toxin production 
One fairly frequently meets with bacilli which microscopically and 
culturally arc C t!iphlhcri(r, but which ar^ayirulcnt an d atox ic 
Since it hasjie^'cr_hc cn cstafalishedjhat n^^.tnxipenie C. diph^ 
ihcri ^ can he transform ed jnto a_toxinmroducing bacillus, and 
since it is well known that a.toxj gcn ic strain ret ains its ppxet.to 
produce j ox>nJtycnjn_aftifi cial.c uIlur e/pf manY_ve ars. one is not 
justified in segregating as a carrier a person in whose throat or 
nose non-toxigcnic bacilli resembling C. tUphtbcnit are found. In 
the ease of an epidem ic, where a number of healthy persons are 
being examined in order to find carriers, those whose throats con- 
tain what may be called ** morp hological*V diphth eria bacil li 
should bc'isolatcd for the few days necessary to establish whether 
Of not their organisms arc virulent, but only those with virulent 
organisms should be isolated until their throats are free from them. 
y^In order to prove that a n organism is a virulent C. dtphtheruJ 
must first be isolated iiTpurc cuUurcC^tlusi^most easily accomp- 
lished by the use of one of the tellurite media,. The bacillus isol ated 

. ' , ... j fail to_/enncnt 

: . . . . 'The best~method 


. . young culture on 

^crum (one slope), suspended in broth.'^ubcutaneously into each 
of two guinea-pigs, one of which has bcenprp.tectc3*by 250 umts 
of antitoxin, injected the previous day.'^f the unpjptec££.d animal 
dies within 5 days, exhibiting the usual signs, and the other sur- 
vives, the organism may be regarded as a truejdiphtheria bacillus. 

^T he passively im munised a^nimaljs required as certain corync- 
hAPtf-ria which-arlnot pathogenic for man but highly virulent for 
guinea-pigs may occasionally be found in the human throat aoo 
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JlQSsJlf one.of these is tested as described, both animals die, but 
nwthet shows, typical pQst:mortcm.signs of diphtheria toxemia. 
When several strains are to be tested for virulence, the ir^radermal 
method may be used. A suspension of the organism is made which 
IS just opales cent (about 500 millions per ml.). The hair is 
removed from the flanks of two white guinea-pigs, one of which 
has previously been protected by an injection of antitoxin, and 
■ 0 2 ml . of the suspension is injected into each intradermally. If the 
b acillus IS viru lent a.redjirea of_ l_to2cm m diameter develop^ i'r 
the unprotected animal in 24 hours. ^The colour fades in 3 to <1 
days leaving a necrotic area with a scab. The protected animal 
'shows no lesion. By this method several cultures may be tested 
using the two guinea-pigs. 

Since pract ically .all diphtheria bacilli of the Gravis and Inter- 
medms varieties are toxigenic, U usually sufRces to determine that 
the organism is a diphtheria bacillus (by morphology, fermenta- 
tion of glucose and failure to ferment saccharose) and that it 
belongs to either the Gravis variet y (by colony form bn ~McLeod*s 
medium , growth m broth, and fermentation of starch) or to the 
'Intermediusj'atisiy (by colony form and growth in broth). Only 
in exceptional cases is a virulence test of cither variety essential. 



Diohtheria is most commgnly,^prcad,by.,drop.iets trom the 
mout hs either of those^nth the disease oLof carriers. The prob- 
lenTof the earn er is of great importance in the spread of diph- 
theria. AUhough in th e majority of cases the bacilli disappear 
within a few weeks afte r the separation of the false membrane, in 
the remainder they may pwsist for a much longer time; in a few 
cases for 6 months or so. ’Many persons who have never suffered 
from diphtheria are carriers of the organism. The.cacrie r.state is 
someti mes very in tractable,andjnayj:esisUilLthe_usual antiseptic 
measures. , The most successfu l^ treatment Js_ the removal of 
unhealt hy tonsils and*^denoids.^he surgical.co rre ctio n of any 
abnormalities in the nose and the local application of penicillin. 
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medium is that, on it, it is usually possible to distinguish from the 

appearance of the colony Ihe ^rietyof C. dipfuiierict growing on it. 

When there is any doubt as to ^^eihe^-the-0^ganism reported 
as C Jiphtherice on microscopical evidence is a _virulent bacillu s, 
or wh en th e_ex clusion o f._a.suspecfed_carrier from school or 
employment is involved, something more than a microscopical 
identification is required. v/The final proof that an organism is a 
di^^eria bacillus depends on its power of toxin production. 
One fairly frequently meets with bacilli which microscopicaliyand 
culturally are C. diphtherice, but which ar e avi rulent an d atox ic. 
Since it has, never be en_ ,e stablishc dJhat_a non- toxigenic .C diph 
ther ia can be transformed into a. t oxin-producing-bacillus, and 
since it is well known that a Joxifi c mc strain tw in s' its pweLtP 

justified in segregating as a carrier a person in whose throat or 
nose non-toxigenic bacilli resembling C. diphtheria are found. In 
the case of an epidem ic, where a number of healthy persons are 
being examined in order to find carriers, those whose throats con- 
tain what may be called ‘* morp holoeica l!!-d iDht heria bacil li 
should be'^isolated for the few days necessary to establish whether 
or not their organisms are virulent, but only those with virulent 
organisms should be isolated until their throats are free from them 
In order to prove that an organ ism is a virulent.C. diphtherut^^ 
must first be im^tetfin-pure culturer^IfiTs'Is iriost easily accomj^ 


serum (one slope), suspended in broth, subcutaneously into each 
of two guinea-pigs, one of which has beenprptected'by 250_units 
of antitoxin, injected the previous day.*^f the unproteclsd anima 
dies within 5 days, exhibiting the usual signs, and the other sur- 
vives, the organism may be regarded as a ^e,diphtheria bacil us. 
T he passively immunised _aninialjs required, as^certain coryne- 
bacteiiajvhich-arinot pathogenic forjnan but highly virulent tot 
guinea-pigs may occasionally be found in the human throat an 
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b y.T.A F ,\ ml. of this being injected 4 weeks after the injection 
of A.P.T. and a further \ ml. after another interval of 4 weeks. 

Severe.reactions arejiable to^mtcrfere with the-popularity of 
im munisation a gainst diphtheria. It is, therefore, good policy to 
use T.A F. as the prophylactic of choice for older children and 
adults. Neithe r_A. p.T. r'"' ^ T • — j — 

person who_g\yei, • • • ■ 

in such persons.J • • . _ _ 

to be severe. T he maioritv.of nseudo reac t ors .a re immun e. _but if 
immunisation is considerecLnecessarVr~T.A.E^sliQiMJ?e used. 

Ipimuaisatio n agai nst diphtheria should be commenced in the 
second.half of the firs^year of Ufe. If this is done, it is quite 
unnecessary to perform the Schick test as practically all infants 
of this--age _are Schick positiv e. Smce_^Usfactory_pxo£hy'lactics, 
used as described above, convert the Schick reaction from positive 
to negative m the case of over 90 per cent of persons, it is not 
generally necessary to carry out Schick. usts-after-immunisation 
although this may be done from time to time m a sample of those 
treated as a control of the efficacy of the prophylactics used 

When groups of older persons, such as medical students or 
nurses, whose occupation exposes them to a special risk of con- 
tracting diphtheria, are to be immunised, Schick testing should 
precede immunisation Those giving a positive Schick reaction 
should receive a complete course of prophylactic. It is probably 
wise to administer one injection of the prophylactic (preferably . 
T.A.F.)-lo those giving_a negative result because, as has already 
been pointed out, the amount of circulating antitoxin giving a 
negative Schick reaction may be insufficient to protect agamst_, 
the disease. 

The immunity resulting from a senes of injections of diphtheria 
prophylactic is’ usually adequate to prevent the disease being co.n- / 
traded for some years. In the absence of natural exposure to the 
organism, however, the immunity gradually wanes^ Schick reac-^ 
tion has been found to revert from negative to positive m 4 per 
cent, of immunised children within 2 years and m 18 per cent 
within 6 years. Any campaign for the eradication of diphtheria 
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In all cases where carriers arc being looked for, nasal swabs in 
addition to throat swabs should be examined. 

On account of the'difficulty of finding and rendering harmless 


may be conferred on those who are exposed to infection by the 
) injection of 5QQ un its oLaptitoxin^ This immunity is of but brief 
^ duration, a few weeks at ^,st. A much more lasting immunity 
. may be established by ^tive j mmunisatton _usmg a. toxoid 
} preparation. 

>/ Th^e^r<^p h ylactic 3 are now commonly employed— fonnol 
toxoid ('F.Ti),"^alurn_precipitaied toxoid (A.P.T.) and tp^oid- 
aritito xin floccules (T.A.F.)Cl^. EomiQlJo xpiiHa natoxine) is pre- 
pared by treating lMin_with.0-2-'04 per cent. fonnaliD 2 to 
3 weeks at obtained by adding ajum jojoxoi^ the 

aluminium hydroxide which is precipitated adsorbing the toxoid 
which It carries down. The precipitate is centrifuged and washed 
to free it, as completely as possible, from non-specific materMl. 
•^^ T.A.F . IS the i nsoluble precipitat e form ed by the.corobination of 
toxp^ ^.titoxin w hen t he twQ.are_prese nt in optima prppor* 
tions- It also is purified by centrifuging and washing. When F.T. 
or T.A.F. are used as prophylactics, '^three intramuscular injec- 
tions, each of 1 0 ml., should be given at intervals of 4 weris. 
Sinc e A-P.T. is a niore_^cieiU prophyl actic than e ither 
T.A.F.^ two injections usually give a satisfactory degree of 
immunity, provided the doses injected «e adequate and the 
interval between them is sufficiently lonji ^n the ca s^o^hitdren 
under 6 years of age^ two intramuscular injectiops of A.P.T-ieach 
of 05 ml., with an interval of 3 months between, should ^ 
regarded as the standard method of administration. If A.P.T. is 
used fot/blder children or adults, which is not recommended, the 
first dose should be 0 2 ml. lest the react ion f olloNving a largcf_do\c 
be severe. .If this dose is well tolerated, a second dose of 0 5 ml 
may be given 4 weeks later. If there is a severe reaction after the 
injection of 0 2 ml. of A.P.T., this prophylactic should be replaced 
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the G^Lviior,fntfirm&dius,yinetie^of.<iiphtheria bacilli are mor^ 
se rious a nd l ess res ponsive . tq^ntitoxin than are those with the 
Mitis variety. Since all pro^duiy -the^me toxin, it is only possible 
to advise the use of antitoxin as early as~possible and in large 
doses. 

The term “d iphtheroid bacillu^^* k rather loosely applied to any 
Gram posi tive, non-motile, non-sporing bacillus resembling more 
or less closely the diphtheria ^cillus in microscopic appearance. 
As has been pointed out before. many"bacilli appear to be identical 
with C. (Upbthence in microscopic and cultural characteristics, save 



Fig 58 — C pieudodiphthcntiaim 

CVLTVnE ON SlRUM (X 800) ,, 

that i hgy d <v-ncitjjroduce -toxin. These should be called l^on- 
t oxigenic rfiphthen^ and J he term “diphtheroid” applied 

only to bacilli which, whil^dtmroducin g toxin , may beHiffefen- 
tiated in other waysiu-Some, for example, '|^p_no^fermeiH glucose, 
and since all true diphtheria ba cilli produce acid from this su gar, 
this fact IS sufficient lo distinguish them from the true bacilli of 
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must be planned in the light of these findings. It is suggested that 
every infant should receive two injections of A.P.T. during the 
first year of life and that*bne boosting dose (either of A.P.T. or 
T.A,F.) should be administered during the second or third and 
another during the fifth year. 

Every case which is crimcally suspicious of diphtheria should 
at once receive antitoxin treatment without waiting for the bac- 
teriologist's report: 5,000 to 50,000 units, according to the severity 
of the case, should be administered, and this may be repeated 
until there is definite improvement. Cases of sore throat which 
are not clinically diphtheria, but In which C. diphtheria is present, 
should also receive antitoxin. Enormous doses (up to 200,000 
units) are given in severe cases by some practitioners of great 
experience, and it is claimed that, by such treatment, mortaluy is 
much lower, paralysis of less frequent occurrence and con- 
valescence shorter than with (he more usual doses. 

In connection with the administration of antitoxic serum in 
diphtheria, as in other diseases, the route is a matter of consider- 
able importance. In very severe ^ses and in cases seen at a late 
stage, the route of choice is the jr ^veno us one as the antitodn 
is introduced into the circulation without delay. In other cases 
the intramuscular ^oute is to be preferred to the subcutaneous. 
When scrum is administered inlramuscularly it reaches its maxi- 
mum concentration m the blood in 24 hours, whereas, by the 
fS ubcu_t aneQus .ro^te, maximum concentration in the blood is 
attained in 72 hours. 

There can be no doubt as to the efficacy of the antitoxin treat- 
ment of diphtheria if it is applied sufficiently early, but the delay 
of even one day greatly increases the risk of a fatal termination 
of the disease.-^If antitoxin is not administered within the first 
week It will probably do little to lessen the fatality, although, in 
the survivors, late post-diphthentic paralysis will be less common 
in those who receive serum. 

The sev erity ai^fatali^ of diphthena vary greatly in different^ 
areas and at different times. The most important factor is the 
/variety of C. diphtheria present in a community. Infections with 
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COUFORM BACTERIA 

The term ^‘cohform” js a convenient one to apply to a relatively 
large ^oup of bacteria, the majonty of which are associated, to a 
greater or lesser exFent, with th e intes t inal c anal. The members 


organisms are included only because they are otherwise almost in- 
distinguishable from lactose fermenting members of it.. On]y a 

J '• i 

„ ' ■ • eti 

members of a long series of bacteria which, '’m their characteristics, - 
are intermediate between the two and which are mainly or 
o ccasionally intt»_tt inaLirv-bahitat If we had to consider only the 
two, which can easily be differentiated by a considerable number 
of criteria, there is little doubt that we would fas does Sergey’s 
Manual) assign them to different genera. To do this would, how- 
ever, force us to decide which of the intermediate forms we were 
to assign to one genus and which to the other It appears to us, 
therefore, that both organisms with the intermediates are best 
allotted to the provisional genus Bacterium 

Bact. pneumonia M included in this group, despite differences 
in habitat and pathogenicity and the failure of some strains to 
f erme nt lactose, because it closely resembles Bact. aerogenes in a 
number of important characteristics and differs from it in but few 
317 
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theria:. It is shorter and thicker than this organism* has tapering 
ends, and has not usually a beaded or granular appearance 
Metachromatk granules are absent. It stains deeply and evenly 
with methylene blue save for the presence of a single, central, un- 
stained septum, ^ore rarely two unstained bars may occur, 



those of C. diphtheria. I t does not ferment an y su gar and is non - 
pyogenic to the gumea-pig. 

The XeiQsisja cillus which is frequently found in 

the conjunctiva ind'*Mternal ear, bo th no r mal and diseased, 
resembles C diphtheria very closely in microscopic appearance. 
It is not pathogenic for animals and produces acid in_me.dia 
containingjlucose, ma ltose, and saccha rose. 

Other diph theroid bacilli are Ibund in the rTspiratory, intestinal 
and" urTriary" tracts, in^wouh'ds andln other localities. J^one of 
these appears to be primarily pathogenic, but they may act as 
* se'c(5hdinT~ittvaders after a leMdri has been caused by other 
orgamsmsi— 

v/ C. genes is usually classed with the diphtheroids. It U a short, 
thiciTbaallus, frequently club-shaped, which grows only under 
anae robic o r partial anaerobic co ndit ions. For its culture we 
have found that broth to which is added 1 per cent, of glucose and 
1 per cent, of oleic acid, the whole being covered with a layer of 
oil, is a satisfactory medium. It also grows well in semi-solid 
glucose agar stabs. It occurs in a cne pustules and come^oj^ 
either alone or together with a staphylococcus 
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COLIFORM BACTERIA 

The term '‘coliform” is a convenient one to apply to a relatively 
l arge gr oup of ’bactefia, the majonty of which are associated, to a 
greater or lesser exFent, with th e inte^ in al ca nal. The members 


aerolTic ferment a variety ofcarboh ydrales ^ TTie ability to' 
ferment lactose is recarded by us as aTu ncLunental 
o f the b act eria of the crou p and a_few_non*lactose fermentinj 
organisms are included only bemuse they are othenvise almost inj** 
disUnguishable from lactosejermenting members of it. O nly a 
small minority liquefy gelatin ^ y 

* The’chief organisms here considered are Bact col u Bact. aero - 
genes and ' Stfg _ p neuntania The first two form the extreme 
members of a long senes of bacteria which.'*in their characteristics, 
are intermediate between the two and which are mainly or 
o ccasionally intpst maLtn-habnat If we had to consider only the 
two, which can easily be differentiated by a considerable number 
of criteria, there is little doubt that we would (as does Bergey’s 
Manual) assign them to different genera To do this would, how- 
ever, force us to decide which of the intermediate forms we were 
to assign to one genus and which to the other It appears to us, 
therefore, that both organisms with the intermediates are best 
allotted to the provisional genus B acterium. 

Bact. pneumonic^ IS included iiT this group, despite differences 
in habitat and pathogenicity and the failure of some strains tn 
f ermen t lactoie, because it closely resembles. aewgenes in a 
number of important characteristics and differs from it in but few 
317 
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Bact. cell (Escherichia coU) 

Escherich, 1886 
Bact. coll is one of the most widely distributed of all bacteria. 
It is found i n the intestines of man and of very many animals as a 
harmless or, more probably, beneficial saproph yte. It is of great 
importance to the bacteriologisr for nrim^reasons. Inside the 
t lin testine it is usually non-m?urioos: elsewhere Jnjhe, body it is 
t pathoger^jind_is to be clas sed wit h the othec-pyogenic bacteria. 
Itj^hnost- const uitbLiblindinJhuinan and animal face s, and for 
fliisreason must be familiar to the bacteriologist who has fre- 
quently to examine such material for the presence of the specific 
I organisms of typhoid fever.^dysentery or other diseases'^ which 
more or less closely resemble it. Finally, its p reval ence in-excreta 
giycMt importance as^an_l‘ indicator,prganism *.Un the examination 
of water, milk, otpth er food mate riais._lf^ger. co/ih present in 
these, the y have been exp osed, at some j)eriod, to jkS'l 
contamination. 

The average size of Bac/. call is from if4 to by 0 5^; but no 
great reliance should be placed on its size, since ttiis is veiy 
va^ble, depending on the strain and culture medium used, h 
may sometimes be so short as to appear almost coccal, at other 
( times'^ rilamentous forms tOu to I5u in.-len g th may be fou g;^. 

1 especially in _the urine. It possesses 6 to 8 flagella arranged rou nd 
| it and isinotiIe rbiIt~usually not very actively soj^some strains arc 
so sluggish that motility can be detected in them only with great 
difficulty. Eac h bacillus is generally fre e, but pairs, arranged end 
to end, or short chains of three or four bacilli are sometimes seen. 

It stains readily and is Gram negative . 

Bact. coli grows on all ordinary media at temperatures ranging 
from lO® to 45i-t. AtJfa latter temperature most other colifo^ 
bacteria do grow. It is aerobic and facultati vely an aerobi c. 
The colonies on agar plates are of large size and are circular m 
shape; their colour isjvhite, gre^h, or brownish, and they arc 
rather opaque. They are usually smooth and glistening, but a not 
uncommon'^variapt produces colonies with a somewhat rough 
surface. It does not liquefy gelatin. In broth Bact. colt causes a 
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unifo rm.turbidity with a slight tendency to sedimentation and 
pellicle formation after some days. lndoleJs,produced in cultur es 
broth and m peptone wa ter. Bact. coU is an a ctive ferment er 
of sugars, glucosides. and alcohols, with the production of carbon 
dioxide and hvdrocen in aoDroximatelv eaual DroDortions_ In 


important_substances_ fermented _are Jactose». glucose» maltose, 
mannitol, and dulcitol. Saccharose is not fermented by typical 


Bact coll but a variety, formerly known as B. coli con»nunior, does ^ 
ferment this sugar.'^cidand.clot are produced m.milk. Bad coli r 
does not give the Voges-Proskauer reaction and fails to grow in 
Koser’s medium On bloo^agar some strains are hamo lytic. but 


lon-motik, saccharose-ferme nting, serologically homogeneous 
rain known a s D433y which is frequently present in_the feces in , 


, per bounds, is interfere(Ls vith..aiJii-tvphoid fever and dysen- 
t or ^e wh ole intestin al wall is.damagedrasiSustrahgulafed ^ 
I iia or volvulus, the coninion-gact.-co/i _o^ h^intestin e can. 

1 j. ii^tjate _j"rp neigii^ourinc "nd-cause^ suppuration. 

^ \ppen_dicitis . ^eritQ^itis. and TOri-rectal abscesses are_ sometimes 


caused b^^act. coli, cither alone or associated with other organ- 
isms \ythe tlow ot Pile is arreste d the organisnvmay penetrate 
into the gall-bl adder, setting up a'ajgk^ititis.vu may infect the 
u nnary system , particularly m the female_or in the male after . 


pelvic or subp hrenic ab scesses, empyema or abscess in the lung. 
"B act. coli septicasmia is uncommon and rarely occurs save as a 
terminal j)henomenon_gf_diabetes^ and other chronic diseases; butj 
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Bact. coH {Escherichia coU) 
Escherich, 1886 



It is of great 


^ . ■ • ; • . ; ■ ■ .s. Inside the 

^intest ine it is u sually nonjnjurious; els ewhere in t he body it is 
1 pathogen^^and i s to be cl assed vvJthJhe otbeLpyogenic bacfeWa. 
Ujs^aljiHist-cgn^ntl^OBnd jnJmman and animal faece s, and for 
ffmreason must be familiar to the bacteriologist who has fre- 
quently to examine such material for the presence of the specific 
I organisms of typhoid fever, dysentery or other diseases, which 
. more or less closely resemble it. Finally, its preva lence in excreta 
givesjt importance as an ^indicatoc.orEanism **Jn the examination 
of water, milk, orother f ood male rials._lf_g(7cL coh is present in 
thesc.„they_h ave been exp osed, at some jer/od, . to J^f 
contamination. 

The average size of Bacf. coU is from Ifx to by 0 but no 
great reliance should be placed on its size, since tins is very 
variable, depending on the strain and culture medium used. It 
may sometimes be so short as to appear almost cgccal, at other 

i times^f ilamentous forms {On to ISix inJ eng th m a y be foun d, 
especiall y in the pnne. It possesses 6 to 8 flagella arranged rou nd 
it and is jnQt?Ie 7~burusualfy not very actively so_.|^some strains are 
so sluggish that motility can be detected in them only with great 
difficulty. E ach bacillus is generallyj're e, but pairs, arranged end 
to end, or short chains of three or four bacilli are sometimes seen. 

It stains readily and is Gram negative. ^ 

Bact. coli crows on all ordinary media at temperatures ranging 
from 10° to ^5 -It At the latte r temperature most other colifom 
bacteria dojnot grow. It is aerobic and facultative ly a naerob e. 
The colonies.on agar plates are of large size and are circuIaLin 
shape; their colour is white, greyish,' or brownish, and they are 
rather opaque. They are usually smoolh and glistening, but a not 
uncommon'^variant .produces colonies with a somewhat rough 
surface. It does 'not liquefy gelatin. In broth Bact. coli causes a 
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COLIFORM bacteria' ' 

Paracolon Bacteria ^c.vC'. ' 

A considerable number of bacteria which closely resemble'' 
either Bact. coli or some of the intermediates are grouped together 
as parac olon bacteria or.feidlli^ They are distinguished from 
typjcal Bact. coli mainly by the fact that ^hey are. late or slo\v(' 
fer menters of lactose . It may be necessary to prolong incubation 
for 14 days or even longer before the pr odugtion of acid can be 
detected, although 3 to 4 days usually suffices. Gas may n ot be 
produ^ or may be produced only m small amount as the result 
ofttw fermentation of lactose. We arc doubtful if organisms which 
completely fail to ferment lactose should be included. 

Organisms of this group a^e not uncommonly found in small 
numbers i n human fe <;es. ' An diarrhea th ey may^be present in . 
large-J iucibers, bu tj:hi s do^ not Stifle ui to regaro tKehT as | 
ca usative . 

They are of importance chiefly on account of their “ nuisance _ 
value” . Since they usually grow on such s elective media as 
. J.11. cimitar to 

*"• ' ..... 

' ” ” ” ‘ia 

. ! irtam 

, , . • if the 

bacteriologist. Their occasional pr yluct ion of indo le distinguishes 
them from the Salmonella genus and their frequent f erme ntation 
ofsaccharose from salmonelte and from most of the shigellce. 


Bact. aerogenes i^Avrohacter aerogenei) 

Escherich, ' 

This IS a short, non-motilc Gram-negative bacillus which grows 
luxuriantly on agar, producing tiuck, whilS, moist, viscid colonies. 
I t isa vigorous fermenter of carboh ydrates, producing acid and gas 
from lactose, glucose, maltose, mannitol, and saccharose/jDuJcitol . 
IS occasionally fermented. In the fermentation of glucose the degree 
of acid ity devel ope d is less than w idi Ba^. coli and also is less^. 
permanent, so giving a Mgative methyl-red test. The volume of [ 
carbon dioxide produced from gluTOsc is double that of the I 
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^S*^ .»U..conditions,_ \vhich are almost certainly due to infection by 
the blood stream , .may, be seen in the^occasionally noticed pfigu* 
monia, pleurisy , _^sXeQriiyeUtis, and meningitis caused by tbe 
^CiUus. Bact. coli i s definitel y a pyo g^]c org anism, and^un 
i ntectlons oLd eatLbacilli may cause local abscesses. 

When Bact. coli has ta ke n on a defi nitely patho gen ic rol e Jhs 
patient’s scrumJs_ficequeniiyJbimdJa^ggliitinatejhe_crganism 
( respon sible .for.the condition. Normally a person’s serum does 
not agglutinate a saprophytic, intestinal Bact. colt. 

Most strains of Baci. co// are sensitive to the action ofsuJphona^ 
mides which, as they arc excreted in the urine, are of special value 



Fig 59—B/icf. coli jn Deposit of 
Urine from case of Cvsims (x 950) 


m the treatment of infections of the urinaiy tract. The orsafisni 
is” normally highly resistant to penicillin but is sensitive o 
streptomycin. , 

For thp isolation of 5ac/. co/i from fieces, urine, water_ot_ow 

, ■ FTu — ? — T^TiicTTrrr'^nv.^v’s afta* 

material, one of the sp • _ — 

may be t^en as a type, • ‘ 

prnd uc^f?ed colonie s. ” • ■ ’ 

sugar andljther media mentioned above in order to 
exactly as possible, whether the organism is to be classed as a 
Bact. coh or as one of the somewhat similar organisms._ . 
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found to be viscid or mucoid when touched with the platinum 
wire. On an agar slope the growth, which is luxuriant, tends to 
gravitate to the bottom of the lube. On blood-agar a wide zone ^ 
of hg molysis i s produced around each col ony.v^ln a gelatin stab 
a white line of growth is formed, and on the surface the organisms 


ally produced. ✓I ^roba bly, owing to the occurrence o f vario us 
strains the fermentative activities of the bacillus are varied. Most 



Fig 60 — Bad. pneunwnitr SHO^v^No 
Capsules (x 750) 


usually glucose, mannitol, maltose and saccharose are acted upon, 
acid and gas being produced;'*Iactose may or may not be fer- 
mented The Voges-Prosfcauer' reaction is~usually posifive and 
the methyl-red test negative. Most strains of Bad. pneunioni(e 
grow in Koset’s medium. 

The organism is fairly commonly found about the respir atory, 
trac tj.and frequently appears to play no pathog e nic r ole. It-may,? |. 
ho weve r, m a small percentage of cases, be the c ause o T*^ pneii^ 
monia of a very severe ty pe. It has occasionally been the cause on„ 
absce ss formation in the res piratory tract, of si^puration in_th? 
nasal and frontal sinuses and m the antrum of Highmore. Cases 
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hydrogen. The bacillus docs not liquefy gelatin; indole is not 
usually produced; the VogcSrProsX'aucr reaction is positive. The 
bacillus is capable of growing freely in medium, such as that of 
Koscr, m which t he*^ only . source of carbon is a citrate.^ome 
strains of Dact. acrogenes arc capsulattd, which may ghe rise to 
difficulty in distinguishing them from Bact. pneiimonicr. 

The organism appears to be chiefTy a saprophyt e, being found 
in soil, water, and grain; it is one of Hi e common causeLof-ihe 
sourin g of mijk . ll is nol uncommonly found in small numbers in 
^lmman heces and may occ asiona lly be pathogenic for.ma n, caus ing 
'^cystitis or other tyjics of inflammation; it has been found in th e 
tblood stream in scpiicmmia in a few eases. 

The chief importance of this bacillus lies in the fact that it is 
commonly found m water supplies, particularly in 'tropical 
countries and, as it ferments lactose, it may be confused with 
colt. Since it is widely distributed in future, its presence in 
water has not the significance attached to Bact. coU , which « 
predominately fecal in origin. ~ 

Fairly closely related (o Bact. acrogenes is Bact, cloaca {AttC' 
barter cloaca), which, hovsever, causes liquefaction of gelatin. 

Bact. pncuttionix {Klebsiella pneumonia) 
Fricdlandcr, 1882 

' Bact. pnenmonur is a pleomo rp hic organis m \vhich may nryin 
length from 0 6;i to 4 Op. and in thickness from 0-5^ 

In the body it is most commonly seen in almost qjcc al foif ’ 
and was, in fact, originally described as a coccus and for some 
time svas confused with the pneumococcus. It occurs 
scry commonly, in pairs; much more rarely in short chains. U 
is non«motilc_a nd Gr am neg atne. As seen m secretion s or in eany 
cultures It IS supplied with a wcH-mark cd_capsitJc- ^ 
produced. ^ 

It grows readily on ordinaiy media, best under aerobic confli' 

lions, and cither at the tem perature of the body or at 20’. On 
agar it produces la rgCj_ f w’hitej_nris^_ colon les, which 
appear moist or semi-fluid and tend to be confl^nt. These are 
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found to be viscid or mucoid when touched with the platinum 
wire. On an agar slope the growth, which is luxuriant, tends to 
gravitate to the bottom of the tube. O n blo od-agar a wide zon e 
of h®molysis is produced arou nd each col ony.vin a gelatin stab 


ment of a slimy sediment and of a pellicle. Indole is only occ asion- 
ally produced. ✓I^obably_owing to t he occu rrence of variou s 
strains the fermentative activities of the ^acillus arc varied. Most 



Fig. 60 — Bact. pneumonia showing 
Capsules (x 750) 


usually glucose, mannitol, maltose and saccharose are acted upon, 
acid and gas being produced;'1actose may or may not be fer- 
mented The Voges- Proskauer'react ion is usually positive and 
the methyl-red test negative. Most strains of Bact. pneumonia 
grow m Koser’s medium, ( 

The organism is fairly commonly found about the respirator y , 


ijnjhe ' 
Cases " 
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of Otit is m.edia, ernpyyna, pericarditis, meningitis and septicamia 
have been produced by it, and it ij ^ommonty associated with bo th 
acute and chronic bronchitis. 

The majority of strains of Bact. pneumonia fall into one of 
three -Serological jypjs but there are probably further types not 
yet differentiated. As with the pneumococci, type specificity 
depends on the presence of-a-carbohydrate substance inibe 
capsule. 

Bact. pneumonia is resistant to penicjllin but is usually sensitive 
to sulphonamides and streptomycin. 

A bacte rium either identical with or closely related to Bact. 
pneumonia is_Jaund both inside and outside the cells of_Mik ulicz 
1 in the rare disease , rhinoscleroma_._vlnjpzcenat_a similar bacillus 
/ is almost constantly found and is believed by some to be causative 
of the condition. 



CHAPTER XXX 


SALMONELLAE 

This g enus, named after the American bacteriologist Salmon, 

comprises a large number ^ ■■ **— ' — •' ' 

biochemical characteristic 
and tend to produce the s 
animal bodyyThe nom cr 

undergone several changes.»'Some of the species earlier described^ 
were named after the disease with which they were associated and 
these names, such as S^lm. cholerasuis, Salm. typju, Salm. parg- 
typlu and Salm. enterliidis, have, for the most part, been retained. 
A few species have been called after the persons who discovered 
or worked with them (e g Salm j cliortmuclleri) or of the patient 
from whose body they were isolated (e.g. Salm.Jhompson). In 
recent years, however, it has become the accepted practice to give 
to a new species the name of the locality where it ivas first isolated, 
Hence^ve have Salm . dubhn, Salm . hndpn, Salm. poona and so on. 


nomenclature. This might be achieved by retaining s pecific rank 
only for commonly isolated species, the names of which have 
become established by tradition, the remaining species being 
grouped together under a few names and distinguished, when 
necessary, by an ap pended antigenic formula 
From the point of view of the medical bacteriologist, the most 


its diagnosis to the next chapter. 
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All salmonella are Gram negati ve, non-snoring rods, morpho- 
logically indistinguishable from Bact. coU. They • possess fla gella 
and arc usually lTcIively mot ile but, when /reshly isolated fr"^ 
tl^^dy^otility rnay be sluggish or even abseiy. One or more 
subcultures in broth, however, arc usually suflicicnt to restore 
active motility. SalmonclI.T arc not, as a rule, capsulated, although 
some species, notably Salnu paratyphi B, occasionally give riseJo 
mucoid colonics in_^hich the individual organisms are surrounded 
by capsular material. ^ 

■ Growth occurs readily on uncnrichcd nutrient agar over a wide 



Fjo 61. — Saint, typhl mOM Aoar 
Culture. 


temperature range, although ’'Optimally Growth uu er 

ariacrobic conditions is poor. Qzlanies onreshIy_isoJat^jl{£^”^ 
arc almost invariably circular in outline with a sj^ooth, glossy 
surface, and may be difTicult to distin guis h J romJhose^_g,g<'t- 
co7/. They are, however, more translu cent and have a more 
deTicat e texture. The colonics formed by strains which haw 
frequently been iubculturc d on artificial media tend to be rough, 
• ;r.-An,iinr orjge. \ /rhis vari a tion, which 

an3 which is usuallY -C^l^i 
iJ oss of virule ncg. A few 
varatyphi A, grow less pro- 


SALMONELLA 327 

fusely and give rise to colonies which are appreciably smaller than 


uesoxvoiioiaie uy me u ii^ 

organism on t his medium • ■ ^ ^ ‘ 

Salm. paratyphi B From facps. the selective medium of choice is 
that of yils o_a,an(Ulair on which both species produce black 
colonies surroun ded , m the case of Salm, tvphi. hv a, gpg-m&ia l 
sheem T his med iu m ma y, however, par^lly.or completely sup- 
press the growth of other Salmon^la species and should, _therefore, 
always b^e used in conjunction with desoxycholate-citrate agar. ■ 
On MacConkev’s med ium, colonies are rather translucent and 
almost colourless. ^ 

Of the u^uid.enrichment media used to faciUtate jsolatioiuof ' 
salmonella: from fsces. tgtjgUuonate and selenite a re the two 
most satisfactory. 

Salmonell® cause a u nifon nJurbi dilv in broth . They do not 
liguefy^elarin. Indole is never produc ed. 

/ The fermentat ive acti vittes of the genu s are more restricted than 


' have been described. 

Th e principal p rc ' <•••." *• i - • «• . 

the various species < 
these may undergc, 

Chapter XVIJU _ 

As regardsjlagella, only about one fifth of the species ar e mono - 
phasic, the remainder displaying diphasic va riation. The com bina- ■ 
tion of O antigens which characterises the surface of the bacteria 
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nottoun d in t he sp ecies of oth er groups. By reference to the table 
on page 236, which shows the antigenic formul® of a number of 
representative species, it will be seen that antigens IV and V 
characterise the species of Group B, antigen VI those of Group C 
and antigen IX those of Group D.'^ should be noted that antigen 
XII, for example, is common to Groups A, B and D so that an 
antiserum prepared against, say, Salm. typhi will agglutinate not 
only species of the same group, such as Sahn. enteritidis, but also 
Salm. paratyphi A, Salm. paratyphi B and Salm. typhimurim 
which belong to other groups. v Antisera specific for e ach-group 
arCy-howcyer, easily prepared by absorption of agglu tinin_aiid are 
of conside rable value in identifit ation. If, for example, Salm. 
typhi O antiserum, containing antibodies against antigens IX and 
XII, is absorbed with a suspension of Salm. paratyphi B, contain- 
ing antigens I, IV, V and XII, all antibodies except those directed 
against antigen IX will be removed and the antiserum thereby 
rendered specific for species of Group D. 

In view of the large number of Salmonella species and the com- 
plexity of their antigens, the adoption of a logical system for their 
identification is essential. When an organism has been isolated, 
the morphological, cultural and biochemical characteristics cf 
which conform to those of the genus, the first step in its ant igenic 
analysis is to test the growth from culture on solid medium a5»thst 
s pecifTc 0 g ro up ant isera, using the slide agglutination technique 
If, for example, agglutination occurs with Group B antiserum 
only, then subsequent investigation may be limited to theJI^nti- 
g ens o f the comparatively small number of jpecies belonging to 
this group. A broth culture of the organism is, therefore, tested 
by Drever.’sj n ethod for a g glutination by H antisera specific fo r 
th^hase,! „ antfgens of each o_f_thcse_species, of which Salm- 
paratyphi B and Salm . typhimurium' a~re .those^ost commonly 
ispla.ted Jromjnan._If no agglut^ionfoccurs, it.is probable that 
the organism belongs to a d i phasic spec ies and that its flagella are 
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in phase 2. It should then be plated out and colonies picked and 
tested against phase 2 antiserum. A broth culture of an magglutin- 
able colony, which may be presumed to be in phase 1, is finally 
tested against the phase 1 antisera previously employed, v^now- 
ledge of the O group to which a Salmonella belongs and of its H 
(phase 1) antigens is usually suflicicnt to determine its species. 
In the case of some rare species, however, the antigens of phase 2 
must also be identified by the use of absorbed, antigen-specific 
sera in order to determine the species witlTc’ertainty. Such an 
investigation would be necessary to distinguish, for example, 
between Salm. paratyphi B and Salm. abony. 

I n the case of f r eshly isolated strains of SalmjypJii, n o agglutina - 
ti on may be obt ained with homologous O a ntis erum o wing to the 
‘^p resence nf Vi_antigen . This antigen, discovered bv Fehx.js V 
present im iillXceshl yJsolated strains of Salm. typhi and is associ - 
a ted withjtie virulence of speci esj^ lt lies superficia lly in_^e 
ba cterial bodies a nd."Ibyihoyering_or_maskm_g the 0 antigens, 
p rotects those or ganisms pos sessin g it from the action.of_0 
serum. By immunisation of an animal tvith killed suspensions of 
Vi-containing Salm. typhi, Vi antibodies are produced, though t 
their li tre in the serum is usually considerab ly_l Qwer th an tha~t 
developed against t he H_or_Q.antiEen_s ’ By ab sorption of the 
antiserum with a suspension of a strain of Salm ryp/ii^hich has 
lost its Vi antigen completely, while retaining its H and O anti- 
gens, a pure Vi antis erum_is. obtaioed._jrhii..seruni-Jiot . only 
ca uses agglutination of suspensions_of Vi-containing organisms 
but also -protects mice against many M.L.D ~of‘^ule nt Salm. 
typhi, where as O .antiserum.does not , 

While 0 _antiEen_s_are_unafrcct ed by hea t and by treatment with 
acids, alkalis and phenol,^ Vi antigen is destroyed by t hese agents, 
t hereby unmaski ne_the .O.anligens and rendering the organisms 
agglutmable^y O antiserum-vTor the, production of therapeutic 
Vi antiser a, o r of vac ci nes containing Vt a ntig en for prophylactic 
use, the method u sed to kill the or ganisms is of importance. If, 
for example, they are killed by heat and preserved in 03 p'er’cent. 
phenol, as is usual ivith the majority of vaccines, all theimmuno- 
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^enic_p LQpe£ti es_o.f Vi antigen are lost. For this reason, Felix 
, recommended the use of typhoid vaccines the organism s of which 
had been killed by 75 per cent.Nalcohol and wer e suspended i n 23 
per cent, alcohol, since such treatment prese iYe s,to the fu ll.the . 
ability of Vi antigen, t o st imulate -the^produ ction of p rotective 
antibodies. 

Loss , • • • 

demons , ^ . 

possess ■ '. • • • ■ 

oniy,^ hose which ha ve suff ered a partia l lo ss of the an tig en are 
agglutinated b y b oth V i an d O anti seraf^en loss of the antigen 
is complete, agglutination occurs with O antiserum only. 

The reason why Vi antigen confers virulence on S^m. t)p}ii is 
a matter both of interest and of importance. That tjie anti gen is 
n either itself toxic nor directly respoDsiblejTor.virulence , is shown 
bTthe fact that a fet^^ g re Sal mondjq species of low viruience, as 
well as certain strains of BacLsoliotno higher pathogenicity than 
J is usual for this organism, posse ss a_^s u rfac e_antigen serologically 
I indistinguishable from the Vi antigen of Salnu typhi. Vi antisera 
prepared by immunisation of animals wth th«e strains protect 
mice against virulent Sahn. typhi. It is probable that't^e,jbilit;f 
of Salm. tvphi to produce typhoid fever is a p ropertyj)ijts 0 
antieens /the role of Vi bc ing_thc_pas sive one of protec tlngdhe 
organisms from the opsonic and killing action of 0 anti^ ^^- 
ifTias been sh^n experimentally that si ^pensions of S alm of’' 


has been made possible by Craigie’s discovery of a bacteriopJiaS*^ 
which, while acting only on the Vi a nti gen o f Soim. has-thc 
property of acquiring, by.adaptation,.a high degree.of specificity 
for certaih stra'ins on*^whichJt is propagated and, thereby, oi 
distinguishing them from other strains possessing ajerologTcajly 
identicaLVi antigen. All those strains which show s pecific lys is by 
this bacteriophage after it has been adapted to one of them, are 
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said to belong to the same type. ^^Bact eriophage ty ping of Salm. 
tvphi has proved of considerable value in .tracing the-particular 
earner responsible for an outb real^fjyph oid fe ver. 

In addition to the species mentioned above, Vi anti genjs found 
also in S ahn. para typhi C._^ We believe that the term “Vi’I s hoaldS 
be reserved ’•* 

v^ ntig e ns~^ 
s pecies . _F<' 

surface antigens in Sahn. paratyphi A, Sahn. paratyphi B and Salm. 
tvphimurhim. These he also desenbes as Vi antigens, though they 
differ serologically from that of Salm. typhi, as well as from one 
another, and never ’ ^mplelely mask the O antigens underlyi ng 
them^ 

~ Exotoxins are not produced by Salm. typhi or by any other ^ 
species in the genus Salmonella O anti gens^Jiotvever. are.pawei-^ 
ful en do toxins and, since they are soluble, can exercise their effec t) 
and fii«nlutin n of the organisms containing them \ 
Chemical analysis has shown that th<» A roTnpii»Y(.<_rt<Lg/T;»» 
and Salm. typlumunum, which have been investigated more fully 


than those of other species, are composed principally of_pQ<v ' 
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.Scntc_propct{jes _of Vi .ant igen arc lost. For this reason, Felix 
, recommended the use of typhoid vaccines the organisms of which 
had been hiled by 75 per cenOatcohal and wer e susp gllded in 23 
per cent, alcohol , since such treatment nreservcs .to'the fu ihhe. 
abilit y of Vi antig en JQ stimuiatc-the producti on of prote ctive 
antibodies. 

L oss of Vi anti g en occurs rcadUy in artificial culture and can tie 
demonstralcd^y the use of pure Vi and 0 antisera. »i^ganisffls 
possessing an intact ^Vj antigen ar c agplutinable bv Vi antisenim 
Qnjy.^t hosc which base suflere d a part ial loss of the a ntig en are 
apglutma t^ by b(Hh Vi and O antis^a^ilhen /oss of the aniicen 
is complete, agglutination occurs with 0 antiserum only, 

Tlie reason why Viantigen confers virulence on Sa7m. typhi'n 
a matter both of interest and of importance. That t.he antigen is 

■' V *!•*•• f- "j'irulence . isshfwT? 

• ••»•••' • . of low virulence, as 

• •• • . ••pathogenicitythan 

) is usual for this organism, poss ess a sur face antigen serologically 
I mdistinguishabic from the Vj amigen of Sahi. jyphl Vi antisera 
prepared by immunisation of animats with these strains protect 
mice against virulent Sahi. typhi. It is probable thai'^ejiblln^ 
of Satm. tYpl' i to produc e typhoid fe ver js a p ropertyjf Jti Q 
anticens.’ ^the role of Vi be ing the.pa ssive_ on g of protc ctiiigJl^e 
organisms from ^ o psonic and filling action of O a ntjMi^^- 


The s’uH^division of Sahn typhi into a number of^i/ferent types 
has been made possible by Craigic’s discovery of a^cterioplltl^^ 
which, while aclins on l y on the Vj aptjg eu of S al m, nnl u, has-^e 
property of acquiring, by adaptation,.a high degrec.of speeificity 
for certain strains on which it is propagated and, thereby, of 
distinguishing them from other strains possessing a serologically 
identical Vi antigen. All those strains which show s pecific lys is by 
this bacteriophage after it has been adapted to one of them, are 
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but It may be due to any speaes except Sahn. typb i. The fatality 
rate is probably from 5 to 10 per cent. “ 

In the third type of disease, SalmoneUa gastro-enteritis, only 
the alimentary jract is involve d and general invasion of the bod^' 
does not occur. This is a variety^pCJbod.poisompg and may be 
of t wo k inds, infective or toxjc.yin the infcctiveJypc, the or gan- ! 
i sms are in g ested in contaminated food, u sually meat. There is 
comm onl y an incubatior .x** 

the time necessary for_ 
intestine. In addition tc . 

s evere and prolonged o ver several days, there is usually pyrexia. 
The organism can frequently be isolated from the stools and 
vomit as welt as from the infected food. The consumption of eggs 
of ducks infected wit h Sa!m entcriiidis o t other species has been 
responsible for many outbreaks of food poisoning of this type, the 
organisms apparently being transmitted to the egg yolk prior to ^ 
laving'' V The tox ic type is usually d ue t o the consumption o f re- j 
cookea food, usually meat, "pw food is infected indirectly by flies 
or hands, or directly by the''fxccs of rodents, during stora g e aftFr 
the first cooking. yThe organisms, gr owin g in the food, are su p- 
posed to produce an irritant substance or toxin Tlie organisms 
are killed on re-cooking so that the dis ease is due solely to the action 
of this substance.. Although this theory fits the facts, it must be 
admitted that a heat-stable toxin of the kind postulated has not 
yet been demonstrated experimentally. w/The onset of symptoms 
occurs .rapidly, usually within an h our of e ating the food. _Diar - 
r heea a nd vomiting nuy be s evere but are of much shorte r dura - 
tion than in the infective variety. There is usually no pyrexia and 
the causative organism cannot be isolated from either patient or 
food. Unlike enteric fever or SalmoneUa septiesmia, the fatality 
rate in both varieties of gastro-enteritis is low. The condition may 
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i mportant gart in determining pathogenicity for a g iven a nimal 
^cies. /For example, human epidemics of Salm. paratyphi B 
infection have been described in which the early cases sufTered 
only from gastrQ-enterhi 5.-> while cases of typical enteric fev er 
developed later in the epidemic. 

T he salmonelte are strict patho gens and have no,habitat othfr 
than the huma n or ^imal bj>dy- w The source of^ human i nfection 
is, therefore, a human or animal case or carrier, the organistns 
being excreted in theX'Cces or urine and transmitted by food 
or water which is ingested “by another indtvidtia!./ The p ortjl 
of en^ry_DLthe_organism^is, always the mouth, irrespecme 


' enteritis, ofwhich the most important is enteric fever. 

^ iThe term **en tenc fever '’ should be used to indicate t he clinic al 
, t ype of disease about to be desc ribed, irrespective of th e cau satne 
Salmoneiia spec'll. ^ The terms '‘typhoid fever” and "paratyphoid 
fever”, often us^ synonymously with ‘‘enteric fever”, imply a 
bacteriological diagnosis (of infection 'vith Saf/n. typfit or Sahfi 
paratyphi A, B o: C respectively) and should be used only when 
this has been established. *- ^nteric fever is char y tensed 
o f continuo us -type, e nlargement _of the sp{e en,_usuany a 
spQt”_raih a nci'~l eucopcnia. Headache and constipation 
common in the early stages of the disease but .diar rhcea_ail!- 

• ‘ , by b lood cultu T^’ 

) . nd lat er fr^Tjhg 

I ' . ’• • Jity rate of enteric 

-;rThe next clinical type of infection to be considered is 
sep ticemi a. This resembles a septicemia due to the pyogenic 
i coccL ^th a ' ^iky temperature of intermittent or remi ttentjype. 
The disease may run an uncomplicated course of from 10 days to 
several weeks or, after a varying period of simple pyrexia, If^* 
i sation with_ gpsJarmario5iSJlLg^^^iy-system, ’ferous cavities 
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FERIC FEVER 

Salmonella typhi {Salmonella typhosa, Eberthella typhosa) 
Eberth and Gaffky, 1884 
Salmonella paratyphi A 
Brion and Kayser, 1902 

Salmonella paratyphi B {Salmonella schottmueUeri) 
Schotimuller, 1900 

Salmonella paratyphi C {Salmonella lurschfeldii) 
Hirschfeld. 1919 

The mode of spread of salmonellx in general has been dealt 
with in the previous chapter. In view of th^mpwtance of enteric 
fever, and of the influence which a proper understanding" of the 
principles underlying its diagnosis and control may have on public 
health, it is necessary to consider this disease in greater detail. 
As has already been described, enteric fever is most commonly 

.. U.. f-t 71 


while Sa/m paratyphi A or C is seldom , if ever, isolated. In India 3 
and m South America, on the other hand, Salm. paraty phi ^ is a~ ' 
common cause of.enteric-fcvcjLand-^a/m. paratyphi B a veryirare 
one During the last war, the isolation of a variety of Salm. 
enieritidis from cases of enteric fever in India was by no means 
uncommon although invasive disease due to this species is ex- 
tremely rare in Europe. In British Guiana, Salm. paratyphi C is 
the dominant species 

There is no doubt that Salm. typhi is an exclusivel y human 
MS 
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be caused by any Salmonella species, with the excepjion otSalm. 
typhi. Sahn. typUmurium and Salm. enteritidis, which are natural 
pathogens of mice and rats respectively, are most commonly 
incri minated., 

While there is little doubt that animals are a very important 
Source of infection in food poisoning ducLto salmonella, a con- 
siderable volume of evidence suggests that human carrie rs, v/fi o 
argjpod-handlers, may be resp onsible for a coi^iderable proper- 
tion of outbreaks. There is no doubt that both healthy and con- 
valescent human carriers of those salmonella; most frequently 
responsible for gastro-enteritis do exist, but proof.of.their-foIejn 
the causation of an outbreak is often very difficult to obtain. 

The laboratory animal most widely used in the study of Salmon - 
e/^athogenjcit^isjbe m^se. In this animal, Salm. typhimurim 
causes a natural infection resembling enteric fever in man. Use 
has been made of this host-organism relationsh ip to study the 
epidemiology of enteric fever under laboratory conditions. 

✓ Although Salm. typhimurium is more pathogenic for the mouse 
than is any other Salmonella species, including Sa/m. typht, intw* 
pentoneal inoculation of virulent strains of the majority of other 
species produces a rapidly fatal septicemia, 
typin being between 50 and 100 million organisms. The moused 
the most convenient animal to emp]oy for testing the efficacy o. 
vaccines used for the prophylaxis of enteric infections in 
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ICTERIC FEVER 

Salmonella typhi (Salmonella typhosa, Eberiliella typhosa) 
Eberth and GafTky, 1884 
Salmonella paratyphi A 
Brion and Kayser, 1902 

Salmonella paratyphi B (Salmonella schottmuelleri) 
Schottmuller, 1900 

Salmonella paratyphi C (Salmonella lurschfeldil) 
Htrschfeld. 1919 

The mode of spread of salmonella in general has been dealt 
with in the previous chapter. In view of thc|mportance of enteric 
fever, and of the influence which a proper understanding of the 
principles underlying its djagnosis and control may have on public 
health, it is necessary to consider this disease in greater detail 

As has already been described, enteric fever is most commonly 
cause^, throughout the world, by SdUit. typhi. Ot her Salmonella 


while Sfllm. paratyphi A or C is seldom , if ever, isolated. Injndia “j 
and in South America, on the other hand, Salm, parat\ phi ^4 is a ' 
common Muse of.entericJever_and^oi>n../JO/'ar>/3/ii B a very jare 
one. During the last war, the Isolation of a variety of Salm. 
enlentidis from cases of enteric fever in India was by no means 
uncommon although invasive disease due to this species is ex- 
tremely rare in Europe. In British Guiana, Sahn. paratyphi C is 
the dominant species. 

There is no doubt that Salm. typhi is an exclusively human 
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pathogen and that, although infections of lower animals with 
Salnu parat yphi A and B been reported, these two species, 
together with S alm. parat yphi C, arc predominantly human patho- 
gens. When enteric fever is caused by species which normally 
cause disease of animals and birds and which, in man, usually 
r-'. ' .• * • ‘ \ • -vidence to suggest 

■" • ■ ‘ • I -■ • > for m an must be 

j ‘ ' * ■ ’ ■ : ^ • -1 aetiology of 

cntcj;ic^ fever in general, therefore, wowniassum^fhat the ultimate 
source of infection is the human wse or carrie r wh o excretes the 
oi^anismjejtherjn^the faxes or, less commonly, in thejurine.Un 
ordcr^iat tjm djscasc may be spread, the organisms must be con- ’ 
v eyed the nce jnjufncicnt number to the'airmcnfary tracts'of other 
people. Among communities' scr'\'cd by primitive or faulty 
systems of sanitation, spread is most frequently effected b y water 
from rivers or shallow wells to which infected excreta hasegaincd 
access. The introduction of good methods of sewage disposal 
and the purification of water supplies have enormously reduced 
the prevalence of cntcnc fever in civilised^countrjes where the 
disease is now transmitted c hiefly by food which hasbeen handled s 
by.carriei?. Milk and ice-cream are not uncommonly the whiclef 
of spread. A knowledge of those persons w ho, aft er infectio n, 
become chronic carriers and t heir exclusio n fr onf e mploytH°^ 
involving the handlin g of food are, therefore, of fui^amenjal 
importance i n the cont rol of.the disease. 

A not uncommon mode of infection is the consumption of sh^* 
fijh taken from the estuary of a river into which is discharged the 
sewage of a city or town. In countries having a hot, dry clima^® 
and where excreta may be exposed to the air, salmonellx are often 

r n-, 

• . isease of_ 

. . ” 7 ■ ” " . . in_^ich 

the gall-bladder and the'^lyi^hjollicles of the small intestine arc 
typically Tnyoly^. The sequence of events following ingestion or 
Salm. typhi has been traced by examination of material taken 
from various parts of the.body_throughout-the course of the 
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disease and after death. Corroborative findings have been 
obtained indirectly by experiments on mice infected by feeding 
with cultures of Salm. typhimurium which produces in these 
animals a disease simila^fO enteric fever in man. 

It is probable that t fie bacteria which have entered the_bpdy by 
the mouth and have 'Survived the acidity of the gastric iuice do not \ 


a re rapidly r em oved by the reticulo-endothelial cells and especial ly '' 
by those of the sp leen, . liver and bone-marro w which _form ^he I 
p rincipal foci of infect ion^ n them, and in the m esenteric lym ph i 
elands." the or ganis ms multiply and pro duce a . seconda ry b ag- 
t^mm which U o f greater_s eventy than the firs t and whichjnaiJcs 
the.onset .of the. actuaUdiscajp.i/At^this .stage, the bacteria are 


tjirn ygh two cha nnels.^ The first ot.these.tsjhe i nlected*Peyer*s 

cr.1. tnriHoTv.nl. rnIKtsW nr »li» CTn^^ll M.li.nli ' 


v^gall-bladder which is constantly infected This explains the finding 


of t he organism s in almost pure culture i n the duodenal fluid . 
I " ■ ■ ” * * * * • ■ ' ’ '‘ter^recoyery from 


■great importance 


ti - * .... — 

’ "TrTabout 25 per cent of cases of t yphoid fev er, Salm. l y phi m ay 
b e fou nd in.t h e urine af^r the third week . Since^ the u rine is free - 
from pus, it is probable that there is no actual infection of the 
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urinai^Mract. In contrast to this, ^hen localisation of infectio n 
in the renal system occurs in iS gtopyic/Za^eoticamia. the condition 
is always a purulent one.^ 

^ Bone abscess es occasionally occur as a sequel to typhoid fever 
and in them Salm. typhi may persist for long periods after 
convalescence. 


-PJ» ^Fo)]o\ving an attack of typhoid fever, th e grea Ln^ajorityof^es 
cease to excrete Saint. rvp/» d uring convalescence, '^bout 5 per 
cent, of cases continue to excrete the organism during 6 months 
after the attack, while some 3 per cent, are still excretors at the 
end of a year.^The majority, if not all, of those who are still 
excreting typhoid bacilli a year after convalescence become 
p ermanent carrier s and continue to excrete the organism indefin- 
-^uch carriers are largely responsible for outbreaks of the 
disease. Less information is available concerning the duration of 
the carrier state in enteric fever due to other Salmonella species, 


but pemanent carriers of Salm. paratyphiS are known to occur 
and their incidence in relation to infected persons is probably of 
the same order as is found in typhoid fever. 


carriers is ver v_much highi^ amnncAvomenihan among men.^' 
s eat of residual infection in faecal carriers is the pall-bladder and 
there'is'a convincing amount of evidence to show that tJieJiisllL^ 
carri er rate in wo me n is associated with their gre ate r pro aenc^^^ 
t han men to g^-blad?er disease . W omen w ho_sufrer a n attack^ 
cholecystitis d uring Ihtrcourse of typhoid_fey_e^re much more 
likely to become permanent earners than are those wthoul 
gall-bladder symptoms. 

Strictly speaking, the term “ea rner” connotes any p ersonjvhg 

suggested that.'^ollowing an attack of typhoid fever, Salm. Opl’’ 
may remain in the body without being excreted but, \vith the 
.exception of cases having a boneJcfec tiop as a sequel to their 
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attack, carriers of this sort must be very rare and do not constitute 
a source of infection. For practical purposes, therefore. ^ carrier 
may always be regarded as meaning also an excretor . Although 
p ermanent carriers form the mam reservoir of infection , it should 
not be forgotten that,^n areasjwhere enteric fever.is endemic, or 
durjng an^epidemic, there are always a number of immune persons 
who harbour and excrete the causative organisms for, a short 
time although they neither have had .nor subsequently develop 
the disease. Others, having a substantial but lesser degree of 
immunity, may suffec-such a mild attack that they remain ambul- 
ant and the true nature of their illness passes unrecognised. 

Methods used for the prevention of enteric fever fall into two\ 
categories The first and more important aims at breaking the 
chain which links the chronic carrier to the fresh case, by general 
public health measures such as the i mprovement of sanitation. 
pu rification of water supplies and control of earners. The second 
method, introaucea by Aimroth wright at th^end of the last[| 


T A.B. vaccine has been subjected to extensive trials under field 
conditions during two World Wars, when conditions have been 
especially favourable for the spread of enteric fever, and there 
can be little doubt that its use has resulted m a marked lowering 
in the incidence of the disease among populations exposed to the 
risk of infection. Experience gained during World War II, how- 
ever, strongly suggests that t h^ severity and.fatahtv rate of the j 


ably, have not beenjpng isolated. Until recently, only heat-kii ied. 
phenol ised vaccine s were employed. On account of dest r uctio n \/ 
of VLaiittgen by both heat and pheno l . Felix advocated the us^ 
or alcoholisetLT^ . B,-vaccin e,.but considerable experience of its 
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use in the British Army during the past few years suggests that, 
in spite of itsjhcoretical superiority, it is no better as a prophylac- 
tic than is the older type of vaccine. 

Hcat-kijied, phenolised T.A.D. vaccine usually contains, in each 
’j Pillilitrc^ lOOQ million Salm. typhi and 750 million each'^thc 
-'paratyphoid organisms. doses of 0 5 and 10 ml. are given 
at an interval of 2 to 3 \vecks.*<\ red, painful swelling frequently 
develops at the site of injection within a few hours and may be 
followed by general constitutional disturbance, with fever and 
malaise. Such symptoms rareW persist for longer than 48 hows. 
The recommended dosage of alcoholised vaccin e is one-half that 
of heat-killed, phenoHscd vaccine and both local and general 
reactions following its administration are usually slight/For those 
persons who continue to be exposed to the risk of infection, a 
single annual “ boosting dose’* of vaccine is recommended. 

Therojs as yet no really effective specific treatment for cotenc 
fever. F elix ad vocated jhe usc,pf typhi antiserum , contai n- 
ing both Vi and O antibodies but, although some favourable 
results have been reported, this form of treatment has not been 
widely adopted . typhi is moderately susceptible to the action 
of pcnicihin, its sensitivity being so increased by the presence of 
small amounts of sulphathiazolc as to fall within the effccin'e 
therapeutic range of large doses of penicillin. Reports as to the 
efficacy of the treatment of typhoid fever with penicillin and 
sulphathiazolc are conflicting. Chlorom ycetin is stated to have 
given very good results in the treatment of the diseasc.-^romising 
results have been obtained by the treatment, with sulphathiazolc 
and massive doses of penicillin, of a small, but well controlled, 
series of permanent typhoid carrie ig. 

The Laboratory Diagirosis of Enteric Fever 

A bacteriological diagnosis of Salmonella infection can be made 
with certainty only by'isolation and identification of the causative 
organism. Even in a clinically typical case of enteric fever, the 
istablishment of a bacteriological diagnosis is of importance for, 
iltbough the majority of such cases are due to Salm. typhi, the 
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isolation of some other species may suggest not only an alterna- 
tive epidemiological approach, but also a different prognosis. 

1. Blood Culture '' 

In enteric feve r, i solat|o ii _bY-^^°^ * ^’-*^^^l^*'^ Ihe method of 
choice. Th e earl ier.it is^perfonned..the_fireaferJS-the_chance of 
success. During the first week, Salm. typhi can be isolated from 
t he blo<^ of 90 per cent, of c ases of typhoid fever . The percentage 
of successful isolaUons falls to rather more than seventy in the 
second week, to sixty in the third week and to forty in the fourth 
week. ' An th e eve nt of early failure, jt is cl early wo rth while con- 
tinuing blood culture throughout the course ofthc di sease. 

It is desirable to use ^glucose broth in addition to'^broth contain- 
ing 0 5_per cent, of bile saljs when performing blood culture. The 



contaimnating-organisms,J5y prevcnliog-clotting.of-the J)Iood 
and, whaus most jmportant,J)yjnhibit!ng the bactericidal proper- 
ties^Llhe-patientli-serumjiQdJcucocytcs. The addition to this 
medium of 1 ■ 15,000 gentian violet assists in completely suppress- 
ing the growth of skin staphylococci and other contaminating 
organisms without affecting the multiplication of salmoncll$. 

’ About S to 10 ml. of blood, taken fromji vein in the ante-cubital 
fossa with a sterile synng^hould be added to^ or_^0 ml. 
broth in a special bottle/ ^fter overnigh t incubation, \/ loopful 
is spread on the surfaw of a solid medium from 'which a~pure 
culture can be obtained for identificatibiT S lnc^'the growth of 
s mall numbers _pf_s_almonell;e.inJblopd_culture .may be delayed, 
the culture should.be plated in this way at daily or 2-day intervals 
for a ^^eek before being re ported negative. 

2. Frecal Culture 

Turning now to the freque ncy of succ essfulJacaLculture-at- 
differe nt stages of the d isease, it has been found that during the 
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f ^st week of typhoid fever Salm. typhi can be isolated from the 
stooisjn rather more than 50 per cenTof caselTTR^figGreMs 
somewhat during the second week and then rises to a peak figure 
of nearly 80 per cent', toivards theer^ of the third week. There- 
afteVy the chances of successful isola tion f^f~olT_rath^er_sharply. 
These figures apply only to the average case and it is clear that the 
chances of isolation from any individual case will be increased if 
examination of faeces is carried out at intervals from the onset 
of symptoms. 

Cultures of faces should be made by inoculating a tube of 
tetrat hionat e_ brot h or one of selenite broth , and by plating on 
bothi'V’ .. . . . .1 .t... 

medju 
hro^ h_ _ ■ 

all three plates a^e exa mined .and_suspicious colonies plated on 
MacConkey’s agaj* from which, after overnight incubation, non- 
lactose^’fermenti ng colo nies, are picked for jyrther examination 
The number of positive isolations which fbTlow the use of an 
enrichment medium and two different selective media, in ti'f 
manner described, is so much higher than when only one selective 
medium is used that the additional trouble involved is vvarrantf^i' 

3. Culture from the Urine 

After the ^hird^weelcj t he urine should be cultu red at inte^^ 
not only with the object of making a bacteriological diagnosis 
when isolation from other sources has failed, but also to ident ify 
those cas es who m^_Jater become^urinary earners. 

A fresh specimen of urine should be obtained under aseptic 
:onditions and several loopfuls spread over the surface of,M^‘ 
donkey’s medium from which colonies can be picked for further 
jxamination. Only in the case of specimens of urine which have 
lecome heavily contaminated with other organisms need a highly 
elective medium be used for isolation. 

k Culture from Other Sources 
Occasionally, in typh oid fev er, 5fl/m.-Vj'g///jnay_ be isola ted frorry 
tie rose spots, sputum and vomit. In the post-mortem exarnina* 
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tion of persons suspected of havin g died from en teric fever, cul- 
tures should be made from the splee n, mesen teric Jtlands. bone- 
marrow a nd g all bladd er in all of which the causative organism is 
constantly present. Since pure cultures can usually be obtained 
from all these sources, direct plating of the material on Mac- 
Conkey’s medium is sufficient for isolation. 


5. The Widal Test 


in tube s against suspensions of those Sa/mone/la-speciss most 
commonly responsible for ^ntenc fever, that sjecies^ai nst w hicji 
the serum s hows the hig hes t titre may be pres umed t o b e the cause 
of the infection- The test is rendered more complex by the fact ‘ 
that, since salmonellg possesses both H and .CLantigens. it is.^ 


>/ 


m otne~strains with formalin which fixes t^ fl agella i n such a way 
as pafiiaiTy to mask the body antigens.^Suspensions which arc 
agglutinated by 0, but not by H, agglutinins a re obtained either 
by the use of perm anent ly non-m otile str ains or by treating sus- 
pensions of niotil^Qrgantsms.witlmlco hol which d estiovs flagellar 
agglut inabil ity ^ 

yf^the case of sera from persons who have not previously 


when H suspensions are used, partly because of t he pre sence^in 
t he se ru m of re sidu al H agglutinins which m a y persist for years , 
and also because there is a tendency for the litre of such agglutinins ^ 
to increase in response to the^ non-speclfic stimulus of a quit e 
unrelated infection — th e'^namnestic response '^n contrast to this, 
the titre of O agglutinins reaches a loner level following injection 
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of T.A.B. vaccine , ^l5jrmch-morfc.rapidly_tha n does the H titre 
andjs no t subject to a n anamnestic rise . These advantage 5 otth: 
use of O suspensions in. the Widal test arc offset by two dis- 
a dyantages.'^irstly , as we have seen, 0 antigens are much les s 
species specific than are H phase 1 antig^ . so that mfectioa Wh. 
say, Salm. paratyphi B often produces as high an 0 titre against 
Salm. typhi as against the homologous speciesP’^ Secondly , when 
the sera of uninoculated, healthy individuals are tested by Felix's 
technique against O suspensions of Salm. typhi, a number are 
found to show agglutinin titres of up to 1 : 640, so that lower litres 
are of little value as evidence of infection. 

3^ Finally, it should be noted that an appreciable proportion of 
cases of typhoid fever fail to develop H agglutinins at all, while, in 
others, the litre of 0 agglutinins may not rise significantly above 
(their normal level. the serum of a patient is tested 
^ occasions during the course of the dise ase/hn increase, ofjnore 
/than 100 per cent, in either the H or 0 titre ma y be ta kgn.as 
1 evidence suggestive of infection. 


may show agglutination of Vi-containing suspensions at a dilution 
of up to 1 ; 20, great caution must be exercised in assessine 
significance of results. 


of considerable diagnostic value in persons who have not previ- 
ously been immunised with T.A.B. vaccine. 

'/(b) In imniunised persons, H agglutination is valueless. Iti 
them, the occurrence of an O titre of 1 : 12S0 or o yeT.Kji^^ 
suggestive of infectio n but, owing to the relative non-specificity 
of O antigens, httle can be inferred as to the identity of the infect' 
ing species. 

y(c) A standard Vi titre of 1 :40 or over s trongly suggests 
infection with Salm. typhi. 
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/ (d) A progressive rise in either H or O titre is suggestive of 
infection but is by no means diagnostic. 

(e) The absence of an H, O or Vi titre in a patient’s serum never 
excludes the possibility of Salmonella infection. 

We see, therefore, that the Widal test is rarely able to confirm, 
a nd can never exclude, a diagnosis of entericTever, esp ecially iiT 
i mmunised persons^ Under no circumstances should the test 
replace bacteriological examination of material from suspected 
cases. 

Dre yer’s technique should be used for H type agglutination 
and Felix’s technique for the detection of O an d Vi a e glutini n's. 
The antigens used in the test depend on the local prevalence of 
the various Salmonella species. In the British Isles, H and O 
suspensions of Salm. typhi and Salm. paratyphi B (phase 1), as 
well as a suspension of a VhR variant of Salm. typhi for the 
detection of Vi agglutinins and of Salrn typhimunum H (phase 2), 
are those most commonly employed for routine work. 

6. The Identification of Carriers 
The mam difilculty in the identification of fiscal carriers lies in 
the intermittency with which the organism is excreted. Many 
consecutive stool examinations may prove negative before the 
organism is finally isolated, when it may be found in considerable 
numbers. Thus, although one positive stool examination will 
prove a person to be a carrier, it is almost impossible to set a 
limit to the number of specimens which should be examined 
with negative results in order to exclude the carrier state. All we 
can say is that if a person having repeatedly negative stools is 
really a carrier, then he is much less a source of danger to the 
community than is a regular and prolific excreter. Since the seat 
of infection in the permanent fiecal carrier is the gall-bladder, the 
chances of isolation are considerably increased if a flow of bile is 
promoted by a dose of calomel, followed by a saline purge. The 
first stool following this treatment is discarded, the second and 
third stools being pooled and used for examination. It is impor- 
tant that the stool be fluid so that the organisms in it are evenly 
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distributed and, therefore, not so likely to be absent from fk 
random samples selected for investigation. When delay between 
passage of the stool and its examination is unavoidable, the 
viability of salmonella may be preserved by mixing the feces with 
buffered glycerol saline (see Chapter XLVJII). Examination is 
carried out as described above. An alternative method for the 
identification of fecal carriers is examination of the bile. Samples 
of bile are collected by means of a duodenal tube and loopfub 
plated on MacConkey's medium. A highly selective medium u 
not required since the bile is unlikely to be contaminated bycoli* 
form organisms. 

For the identification of urinary carriers, samples of urine may 
be tested by plating on MacConkey’s medium as has already bcM 
described, A more sensitive method is to plate out several loopfuU 
of the urinary deposit after centrifugation of the urine. Since 
urinary carriers may be intermittent excrciers, at least six samples 
of urine, passed on different days, should be examined before the 
carrier state can be excluded with any degree of confidence. 

Unlike H i ’ ” ntigcnjirejAiiJ 

to disa ppear ty phi hast en 

eliminated fr ntain that the 

presence in the scrum of Vi agglutinins having a standard litre 
of 1 . 5 or over indicates persistence of infection following a" 
attack of typhoid fever. Not all workers agree with the validit) 
of this view. The consensus of opinion to-day is that the tesjJ>_a, 
useful one fox "screemng” earners, that is for selecting from a 
large body of possible carriers those who arc probable carricD 
and so reducing the number of persons whose excrct.i must.^ 
examined. 
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BACILLARY DYSENTERY 

Dysentery is an inflamm atory con dition of the intestine, mainly 
of the large intestine, characterised by necros is. _slou ghing and^' 
ulceration of extensive ar eas of t he mucosa with the prpcpnr-p nf 
blood and mucus in the faeces It may be divided into two main 
ty pes^ amcebic a nd bacillary. The former, which is due to a proto- 
zoon, the Eniamaba hst^yUca, will not be further considered here. 

Before dealing m detail with the considerable number of 
bacteria capable of causing bacillary dysentery, we propose to 
discuss such general questions as the spread of the organisms, 
their distribution m the body, methods of diagnosis and treatment 

All the species of the genus Shiee/ta are strict paras ites, their ^ ■ 
habitat being the human intestinal ca nal. A few have ^een 
rworded as causing dysentery in dogs but this is exceptional. -It 
js_jiDL43QSsible-iQ_pmduce_a_coDdiUon_resembling_dysenteryJn 
experimental animals by feeding, but inoculation of cultures of 
one species (Sh. shigce) may cause a somewhat similar condition 
in rabbits. 

During the acute stages of dysentery , the causa tive organisms. 4 e 
a re exc reted in the face s m large number and, by hands, flies or 
other agents, may be conveyed to food Dysentery is less com- 
monly spread by water than is enteric fever./ The org anisms may 
continue to^ e excret ed m the fasew for long periods after con- 
valescence The condition is then usually one of chronic dysenterV^'^ 
n , , ... , 

1 > I 1.' _• i c I • if! I • : • . . : • i' 

' I Ml ■ i ” ex. .1 i:* ’ ■ . • 

The only reliable method of l aboratory dia gnosis is the examina- Toj 
lion of the fac es Although the causative organism cannot be ~ 
identified by microscopic examination, this method should not be 
347 
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negleclcd because il shows, iviih a high degree of reliability, 
whctlicr the condition is bacillary or amiibic dysentery, Inacule 
bacillary dysentery 90 n er cent, of the ce lls present in the mplimi 
a re polymor pho nuclear leucocy tes while these cells are in a 
minority in amctbic dysentery. 

For the identification of the species of Shigella responsible for 
the disease, a cultur e must be made from the fajccs. It is adv isable 
to culture as soon as possibfc aficr a motion is passed. If this i s 
impossible, Jl,spccijnCn.of_tirc_fxccs may be prcsers’gd fnr a fe w 
> days in buffered clvcc ro|_sa_line (scc_Chaptcr XLVJII). A satis- 
factory specimen of farces for culture may be obtained by means 
of a rectal swab or, still better, a swab taken from an ulcer with 
the aid of a sigmoidscopc. A random loopful of feces spread on 
the surface of suitable medium usually yields colonies of the 
causatne organism but a higher proportion of successful fsofaCioiis 
will be achieved if a flake of mucus, preferabl y bloody, is selec^d 
with a platinum loop and washed in two changes of sterile saline 
before plating. 

Formerly NfacConkcy*$ ag ar was commonly used for culture 
' but It should now be discard^ in favour of Sesoj^hsIale^iL^^® 
agar_ whic h gives a tn uch higher proportion of pq’slfive results. 
Wilson and Blair’s medium, tetrathionafe broth and selenite broth 
should not be used .as they suppress the growth of dysentery 
bacteria, -^fter incubation of cultures on desoxycholate-citrate 
agar, small^ clears colourless colonics are picked, subculturcd and 
examined by the usual cultural methods. Complete identification 
is achieved by aceUitinatloaiestS-Usinfi_spe cific antise ra- 
The scrum of a patient in the later stages o f^he d iseasej g* 
quently agglutinarcs the causative organism but, since t he titr ^>^' 
not usually high, since n orm al serum may a ly cause a gglutination 
and since such a variety bacteria may cause dys en tery,. <j«i 
method of diagnosis is not recommended. 

"Fonnerly antisera were used irP the treatment of bacillary 
dysentery. The results obtained in the case of disease caused by 
• . .1 • 
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treatment of dysentery caused by other species was disappointing. 
Good results are now obtained by the use of sutphaguam'dine or 
succmyl sulphathiazole. Since the organism is confined to the 
intestine, a relatively insoluble drug, such as those mentioned, is 
to be preferred to one which, being more soluble, is readily 
absorbed from the intestine. 

ShtgeHa 

Organisms of this genus are Gram negati ve, non-sporing . non- 
mojile, non-capsulated rods , usually measuring from 2[i to 3(iTy 
0 to 0 7p. They are a erobic and facultatively anaero bic. They 

fermi ' — usually without 

gas. : . . • ' ae liquefies gelatin. 

The . ' the species of the 

genus IS their ability to cause dysentery in human beings. 

The bacteria of this genus are difficult to classify in a logical 
manner owing mainly to the occurrence of varieties which, on one 
basis, should be included in a species and, on another, excluded 
from it Classification is b^d partl y on biochemical activit y and 



the different species. We have used names based on those oi uieir 
discovere rs or others who have contributed to our knowledge of 
the organisms. 

A satisfactory and generally recognised method of division of 
the genus into t wo groups is according to the abdity-of-these 
bacteria to ferment mannitol On tbis ba«s %ye recognise a non- 
fermen ting group 
group there are two w ell- 
Uetineujs — O//. jsc htnu zn. Jn the mannitol 

fermenting croup Sh'ftex neri and Sh. sonnei consli'tme'r'Ms'bnably 
clear.cut spectes..,A good case could be made for introducing a 
new name and species, Sh, bovdiL for the group of organisms 
which Boyd distinguished from Sh.fiexneri. 
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Non-Mannitol Fermenting Shigell^^ 

This organism has the characteristics common to the genus 
given above. It f erments glucose only, acid but not gas being 
produced. iL does not p roduce indole. 

It is the cause of the most serious type of dysen tery which, in 


some epidemics in the past, had a fatality rate of 20 per cent. It is 
the only species of the genus which prod uces_a .p_o_vv erfu|exotQ <jn 
This t02sirLactiboth_onJheJntestine-ancLon tht central Jerious 
system which explains the occurrence ,of, paralysis after recovery 
from the acute_ stages of.yiejdisease. 

The species is antigenically homogeneous and the identification 
of strains by agglutinating^era.prcsents no difficulties An anti; 


Shigella scbmltzH {Shigella ambigua) 

Schmitz, 191? 

This organism resembles Sh. shiga in fermenting glucose only 
without gas production but differs from it in producing indole . 

Freshly isolated strains have tut? antigen s, one of which may^ 
lost on continued culture. For the preparation of agglutinatini 
sera fresh strains should be used. The antigenic overlap of 5 
schmitzii and Sh. shigte has been referred to already. 

This is a rare cause of dysentery. 

Mannitol Fermenting Shigell/C 
Shigella flexneri {ShigeUa’paradysenterice) 

Flexner, J900 

Organisms of this species f erment glucose and mannitol produ f' 
ing aci d without gas. The majority produce indole, 

Reasonably uniform biochemical activity and antigenic pattetn 
)f strains amply warrant the recognition of this species. 

The organisms all contain an identical antigen which may be 
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Non-Mannitol Fermenting SHiGELL|jy^ 

Shiga, 1898 

^ This organism has the characteristics common to the 
given above. It f erments glucose only, acid but not gas beifl? 
produced. iLd oes not p roduce indole. 

It is the c ause of the most serious type ol dyse ntery whicli. in 
some epidemics in the past, had a fatality rate of 20 per cent. It is 
the only species of the genus which prod uces a p ow erful e x otoxin 
This toxin a cts both the Jntesfing_and.nti thp rcntral jierjou? 
sjfstem which explains the qccaifxcpce^of jaralysjs after recovery 
from the acute, stages of the disease. 

The species is antigenically homogeneous and the identification 
of strains by agglutinatingjera presents no difficulties An anti; 

‘ C-1— •■‘-'•"111 

n 

L ‘ ' 

Slijgella schmItzK {Shigella ambigud) 

Schmitz, 1917 

This organism resembles Sh. shigce in fermenting glucose only 
without gas production but differs from it in producing indol e- 
Freshly isolated strains have two antigen s, one of which 
lost on continued culture. For the preparation of agglutinatm? 
sera fresh strains should be used. The antigenic overlap ofSfi 
sclimitzii and Sh. shigce has been referred to already. 

This is a rare cause of dysentery. 

Mannitol Fermenting Shicell,€ 

Shigella flexneri {Shigellayaradyseniena) 

Hexner, 1900 

Organisms of this species f erment glucose and mannitol prodf ^* 
ing ae jd without gas. The majority produce indole. 

Reasonably uniform biochemical activity and antigenic pattern 
of strains amply warrant the recognition of this species. 

The organisms all contain an identical antigen which may ^ 




BACILLARY DYSEKTERY 


353 

glucose, maltose, mannitol and saccharose without gas produc- 
tion It does not produce indol e. The species is antigenic ally 
homogeneous, the only type of va riatio n observed bein g th_e 


occurred within 24 hours of the consumption of the food. 
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Renting g lucose and mannito i without eas formation. Theyd 
not produce indnle. 

Antigenically they are heterogeneou s, not possessing any anti- 
gens in common wth Sh.fiexneri or with one another. Up totk 
present, four types (I to IV) have been discovered. 

' Organisms of this group, which are not common, have been 
isolated chiefly in India. 


Shigella sonnei 
Sonne, I9IS 

The type of growth of this organism on desoxycholate-citrate 
agar does not differ from that of other shigella. On MacConkey ’s 
agar, however. S ^ R variation occurs with unusual rapidity so 
that, even after overnight incubation, many strajns, on primary 
isolationj_produce a type of colony which, although predominantly 
^smoot h, co ntains.a. Jan-shaped.segment , the .surface.of. which is 
rough and the edge of which extends_ beyond the circumference 
of the smooth pay of the.colony. The appearance of this type of 
c olony is said to resemble that ofa bomb crat er.' ^olonies of o ther 
strains may at first appear quite smooth but become rough_pn the 
surface >vith.. i rregularly crenaled'~ed ies and the development of 



/• . . 


variant wnicn uoe.s . wiiiie a vaiying uujnui-i 
always develop from the plating of a smooth colony, smoot 
colonies are never found when a rough colony is plated. •'The 
^r^anisms in a rough colony are antige nicallY_dis_tinct fLOJld^ 
in a smnnth cntnnv and. since either type may occ ur 


isolation 

used_foc ■ ' ' 

■ s ■ *' • • It has been stated that oniy 


■ lactose, Sb. sonnei ferments 
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Pscudomotias p^ocyanca {Psexidomouas aeruginosa) 
SchrOcer, 1872 

Ps. pyocyanea, which measures from to by 03j: 

0 6.'i. is found most commonly i n pair s, but single baciDi acd 
short chains frequently occur The organism is actnely 
motile , has no capsule, and, docs not form spores. It i ^Gtag 
negative . 

It grows readily on o rdinary medi a at body temperature under 
aerobic pomlitions, but growth can also fake pJaceat the tempera- 
ture of the air and in the absence of oxygen. The outstandin g 
fca‘-v r . • • ' • •- 


whim one, caneu nv ^waii in. j s oi a piut^coiour atiu me 
fluoresci n, is greenish-jycltow'_an d fluoresce nt. For the produetjon 
of thejzalouLthe presence of oxvccn is eyentf a I . Mftersome 
the colour darkens, and the medium may become dark reddis^ 

: TT : 
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^This property was formerly attributed ^ 
the action of an enzyme, pyocyanase, but recent work suggests ^ 
:hat It is due to a yellow pigment, jt-oxyphenazme. 


In these it has produced abscesses in various parts of the body . 
otitis med ia, peritonitis , pericardit is, e mpyem a and b roncho - 
pneumonia. It is occasionally the cause of infection in the 


urinary tract. It may be responsible for some cases of gastro- f 
enteritis in childre n and has been found in the blood stream m 
septicsemia -?^he lesions caused bv it have 


Bacteria of the genus Froleus are highl y pleomorph ic, varying 
in length fro m almost coccaHorms to very lone'fTTaTncntc^w'hif^Vi p 
are_frequently,curved — Such filamentous form s are particularly 
associated with the swarming type of growth referred to below. 
The organisms of the genus arc act" ^ 

non-sporing and Gram negative^TU* • . , 

Probably the most characteristic ■ ' ' , 

peculiar type of .growth called swa.......^ .....vi., uhui.i suiiauiec 

conditions all |hp th* »i.p».tt. c • 

only on _ »' ' • 

over the 


„ . ^medium js 

__ icteria which 

l y be overlook ed. On account of this characteriftic it is 
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sometimes veiy difficult to isolate pure cultures of other haciem, 
such as streptococc i, from material containing a Frofeus. Various 
^ methods have been suggested of which the best is probably the 
' . ' ■ . * * ^ " •- - - [jjgdiura: 

. j Igclaiifl, 

fs Tmentation (with gas production) of glucose and usually o f 
sa^haros e but not of lactose, mannitol or dulcilol, th^ctise 
decomposition of urea and the production of H. S. 

Proteus species are commonly found in the soil, in decompos- 
ing organic matter and in water. Th^jire ass ociat ed u hh 
fection but, growing rather feebly unde^anaerob/c.conditions, 
not with its later stages which are effected mainiy by aaaerolk 
organisms.C^<>^'Kru4v*«i^ ^ 

Bacteria of this genus are not infrequently found in nofMi 

• «• — • • .• • . -rt... thf 


found in contaminated wound s and appear to be r esponsiO^e i<i>' 
delayed healing in them. S ome species, and cspecially'il- 
'^ morsanii, a re found in large numbers in the feces of infant 
suffering from gastro-enferitis but their atiological connection 
with the condition is doubtful. 

The t wo species most commonly found about the human booj’ 
are ' Pr. vulgaris and pf nurabihs . The former ferments Oncost, 
maltose and saccharose, the latter glucose and saccharose but 
not maltose. Pr. vulgaris produces indole, Pr. mirabilU does 

not. ^r0.|. > , 

Pr. morganii differs from the majority of Proteus species Jn 
failure to produce HjS. It ferments glucose only. It produces 
indole. It does not swarm oo ordmary moist agar at 37® but on 
soft moist agar at 20°~28% characteristic swarming occurs. 

-> Certain strains known as Proteus Proteus X,a and ProtQt^ 




uj!.rrrULu.-> 

t.,;^j^\li u. V>^CU~. oSV-UA.S.l-V.^^ C^i,^>^ V 
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With alcohol to destroy the flagellar antigens should be used. 

isA- Da 

ta •^^.VvoriA^iAC».OA<. 

i h Alcallccncs facalis* 

This IS a short, motile. Gram negativ e, ivon-sponng bacillus * 
which IS found singly, in pairs or chains "^It does not liquefy 
gelatin, produce indole o r ferment any carbohydrate. It is a 
normal inh^itant of t^ e mlestm e and may be recognised o n Mac-~| 
Conkey pla tes prepared from feces by the vellowish.zone sur- l 
rounding tie colonies, which is doe to alkali produc tion. It has j 
feeble pathogenic power. C<u*/k^ JiXaj->n!kp^ 

Lactobacillus 

Bacteria of the genus Laclobaallus hk mostly long, slender rods 
which are f}ram positive , non-motile, non-capsulated and non- 
sponng. They are, for the most part, microaerophih c or anaerobic 
Although they grow best in media of neutral reaction, they are | 
v' aciduric . that is they are capabl e of growing in suitable media of 
such a high hydrogen ion concentration as to prevent the growth 
of most other”bTctcrTa, "a feature whjeh greatly f^ilitates their 
isolation. They fermclit a variety of carbohydrates, rarely produc - 
ing gas. They do not liquefy gelatin. 

“The most frequently occurring species m relation to the huma n 
body IS L. acidophilu s which constitutes the majority of th e L 
bacterial flora of the faces of breast fed infants . It can usually be " 
isolated from the feces of adults although, where a normal diet 
is consumed, the number present is small .-T his organism is 
c ommonly used to sour nulk.intended for therapeuti c purposes. 
If milk so soured isconsumed in considerable quantities together 
with fresh milk and lactose, t he fecal flora is transformed into one 
consisting chiefly of L. acidophilus, proteolytic, bacteriaA^being ‘ 
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inhibited by the acid_ reaction reiulline from the fermeiilalhn 


of lactose . 

L' was formerly used for the same purpose, but less 

successfully As t he organism does not grow in the intestin e, the 
individuals found in the faces are merely those which were 
swallowed. 



Another species, L. bifidus , also found m infant fece s, can 
distinguished from L. aadophlus by the occurrence of clu^ 
and branched forms, 

y ^ctobacilli, eithet_i,.. acidophilus or closely related species 
occur m a variety of situations about the human body in addition 
to the intestinal„canal. Among these may be mentioned 
the teeth where the organism, believed by some to be a factor w 
the causation of dental canes, has been calied Z. 
the vagina the acidity of which is, in part at least, attnbutable to 
the organism, in this situation called Doderlein’s bacillu s; and the 
stoma_^ in which the organism, under the name of the Bo^' 
Qppler bacillu s, occurs when , as in gastric carcinoma and pyloH ^ 
obstruction, the hydrochloric acid is reduced in amount . 
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Excep t possibly in the case of the teeth, which may be injured 
by the acid produced by the Lactobacillus from carbohydrate 
foods lodging there, b acteria of this genus are beneficial rat her 
than harmful. 


CHARACTERISTICS OF CERTAIN 
INTESTINAL BACTERIA 
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+ = motile or indole produced 

- *= nommotilc, no indole produced or no change in reaction 

A = acid only 
AG = acid and gas. 





CHAPTER XXXIV 

Vibrio cholera {Vibrio comma) 

Koch, 1884 

■b The cholera vibrio measures from I -Sfi to 2-0[i by about 0 5|i 
As seen, usually i n_ enormous numbers, in the dejecta from ca ses 
of chole ra, it is definitely curved, and, from its resemblance to a 
comma, the name “ Comma bacil lus** was given to it. The erne. 
however, is not flat, but is in two plane s. Frequently the organisms 
occur in pairs, giving either a _^or, more commonly, S shap e 



Fig 63 — V cholera from Agar 
Culture (x 950). 

Only rarely are long spiral ch ains found in the intestinal contents 
Where a film fmm ^ cTn-^il naic»» of mnnTs in the water) 

discharge the ‘ ■ ' 

axes paralle l, 

in a strea m\\ /In cultures — ^rticula rly of old laboratory strains-^ 
the curved shape may be almost o r completely lost, and the organ* 
isnTthen seems to resemble a colilbrm bacillus Old cultures may 
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how large, badly stained involution forms which are commonly I 
dubbed or coccal in shape . In fluid med ia long spiral chains of 
/ibrios are of frequent occurrence. The cholera vibrio stains 
•vith the ordinary stains less easily than the majority of other 
bacteria and is Gram negative. The vibrio is actively motile having 
a single terminal Hageltum: It has no capsule and does not form 
spores, 

The organism grows best aerobic ally, under strictly anaerobic 
conditions very poor growth is obtained. It is not very restricted 
as regards the type of mediu m used, but prefers an alkalin e 
reaction, it will grow readily on media sufficiently alkaline 
(pH 9 0 to 9-5) to prevent the developm en t of the majority of other 
pathogenic bacterid It grows well at _both air and body 
temperature ^ 

. On agar the colo nies, are round, thin, very transparent and' 
.1 * — tTTTj 


the organism’s growth in media containing glucose, mannitol, 
maltose, saccharose and mannose . Neither dulcitol nor arabinose 
IS fermented . The majority of true cholera vibrios are non- 
haimolvtic . ,^1^9 

The resistanccjof the vibno to heat resembles that of other non- 
sponng bacteria, but it is v ery susceptible to dryin g, being thus 


rivers, it does not usually survive for more than a fbrtnight. 

Cholera m man is an acute disease in which, m the majority of 
cases, the causative organisms are confined to the intesti ne. 

2_<_ — I ^ . 

If'. ^ . ■ -“x- ■ > f t e". ^ UJii C.J.to.,._Ci.v» V«- W ’ 
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_ from the most intense 

t05.Trnja, as shown by ihe subnomiaLte^pexamrc and the pro- 
found coJlapsc and prostration . The louer half of the snulJ 
mtcsunc H the region most aflccied. The wall is congest ed and, 
iO\smc to the jvneuajion of Ihc choJeni vibrios between and 
)benealh the cpitheiini ccHt, the hitter arc loosened and desq tum- 
;;ilcd^'^rhc conienijo^r jhc gut Is w-a tet>% and_ i n it float flakes 
'composed or_mai5Ci.of se parated epithelial celts an d of mucus ' 
Ihe common term * Ticc si -ater stooP is a fairly good description 
of (he patient's motion. The i njense diarrha ra, sshich is accom- 
panied by scs crc cram ps, de hydrates the bo dy to such an esient 
that the bl ood is conce ntrated and the urin e is \cr >' scanty. Where 
^hc disease is more c hronic , there may be e xtensive necrosis of 


the gall»h l.iddcr .Tnd occaston:iil> in 1) mph nod es, s pleen , kidney 
hiflis and cKenhcre. -ylrn=. ^ 

Among Ihc outs tanding features of the disease are : (J) its sh^^f 
incubation period, usually J or 3 days; (2) its rapidity of destlop 
ment. death frequently occurring swihin 12 hours of the onset o 
the disease; and (31 the intense toxaem ia. The first Pso of these an 
exphiined by the rapid rate of prouth of the cholera si^n o. 
nhcthcr uifhin the body or in vitro. The third feature is due w 
he in tense loxicitv of Ihc organis m i fscl f. Most ^\orkcrs havt 
bund that filtrates of young broth cultures are but \cr>’ shghtj) 
oxjc, that IS, an cxiraccflular loxm is cither absent or occurs onl) 
o a small extent. The mos t tmpo^nnf »< ihg endotoxy 
■ TbJt tire d ue the tox ic 

■ . . •• • ; ’ d i.'goa.sg and, hv aniin pls 

• • ■ ' , ■ , ■ , , -id. i^he li^ration oiJ ,he 

oxin m the bodies of man or ot animals is dll '* to the 

lacteriolytic action of serum on the vibrios . The toxin is found 
n filtrates of old broth cultures owing to autolysis , and can he 
iberated artificially by grinding up cultures when frozen. 
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An enormous amount of work has been done to elucidate the 
problems of cholera expenmcntally. That (he cholera vibrio is 
t he cause of the disease has been proved by several experiments 
on man , some intentional and some accidental, m which the 
swallowing of pure cultures has occasioned the disease. Others, 
however, have escaped, and it seems probable that i n order 
give ti • " ‘ ‘ ----I • — 

of th< ■ ^ ' 

assisU , ' ' ' . ■ ^ 

— cor..v...- ‘ ; 

vibrios m their stools — are known, and that they may, possibly 
asji resu lLoLso me dietary indiscretion , ac quire the actual disease . 

It is remarkable hpw^otten the layman attributes cholera to 
indulgence in over-npe fruit. 

No animal, under natural conditions, suiters from cholera, but, 
by artificial procedures such as neutralisation of the gastric juice 
with sodium bi carbona te, it is possible to produce m experimental 
animals a condition closely resembling human cholera. '^Intra* 
peritoneal injection of the guinca*pig with cholera vibrios, 
whether living or dead, produces peritoneal citusion, subnormal 
temperature, collapse and death. 

‘ ' 

man or animal w found to conta in n ntibodies^to t he organism- 
/ U IS very slightly, if at all, antitoxi c, as can be well ^ownljy the 
intraperitoneal injection rnto a gumca-plg of a culture of cholera 
vibrios followed by immune scrum.*^ Owinp to the rapid Ivsis of 
the vibUQS-and-t hejon seq ucnt liberation of t heir en dotoxi n, thq 
anim al digs .more rapidly than another which has received a 
corresponding dose of culture without scrum . 

During the course of cholera enormous numbers of v ibrio s arc 
exci gted in-th c Jages and the disease is spread by contamina- 
tion of water supplies or food with such cxcrcla.-^bc vitalitv of 
the orga nis_m outsid e the body^is not great, but the. cx^tcncc of 
the di^ase is m aintained.bv-carriers. T he carrier state docs n ot 
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An enormous amount of work has been done to elucidate the 
problems of cholera experimentally. That the cholera vibrio i s 
t he cause of the disease has been proved by several experiments 
on man , some intentional and some accidental, in which the 
swallowing of pure cultures has occasioned the disease. Others, 
however, have escaped, and it seems probable that i n order to 
g ive the vibrios a start in the intestine, some abnormal condition 

oj; ‘ ■- '• 

. 

VI 

as ji resu lt-oLso me dietary indiscretion , ac quire the actual disease . 
It is remarka ble ho%v L-Often.the^layman attributes _cholera_ to 
ind^encejn over-npe fruit. 

No animal, under natural conditions, suffers from cholera, but, 
by artificial procedures such as neutralisation of the gastric juice 
with sodium bicarbona te, it is possible to produce m experimental 
animals a condition closely resembling human cholera. ’^Intra- 
peritoneal injection of the guinea-pig with cholera vibrios, 
whether living or dead, produces peritoneal effusion, subnormal 
temperature, collapse and death. ^ ^ ^ ^ 


intraperitoncal injection into a guiiica-pig of a culture of cholera 
vibrios followed by immune serum.*^ Owing tQ_the_raDid Ivsis of 
the vibp^<^ the consequent liberation of t he ir endotox in, the 
animal dies more rap i dlv than another which has received a 
c orresponding dose of culture without serum . 

During the course of cholera enormous numbers of yibrip s are 
AvrrptpH in_thc fac es and the disease is spread by tKe contamina- 
tion of water supplies or food with such excreta^ The vitality of 
th^rgani sm outs id e the body is. not great, but the existence of, 
the disease is maintaioedJ?y.carriers.- The carrier state does not 
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PASTEURELLA 

Pastcurclla pestis 
Yersin and Kitasato, 1894 

Past, peslis IS found in its most characteristic form in material 
taken from early plague lesions in ma n or animals. It is short and 
thick, .with roun ded en ds, and may frequently ap^ar almost 
coccal in outline. Its average size is from lu to 2u. by 0 Su to 1 -Ou, 
but under certain conditions much larger forms are also found. 

It occurs in the body either singly or m pairs, short chains being 
exceptional ✓Young cultures on solid or m fluid medium present 
a very similar appearance, but there is a tendency for the organism 
to become mf •• •-— — — -- 

In cultures a 

occurrence. • ____ S 




feature of the bacillus is the occurrence ^ f polar staining . The Pj 
central part of the bacillus is unstained , o r but faintly stained, 
while each pole takes the stam intensely . By continued artificial 
culture this appearance is, to a considerable extent, lost. Past. 

pestis possesses a capsule which, however, is not always easily ^ 

demonstrable It is non-motile and forms no spores. 

-* The plague bacillus grows best under a erobic condition s: in the 
complete absence of oxygen growth is either absent or very slight. 
The optimum temperature of cultivation is about 30°, b ut growth 
occurs quite satisfactorily at body temperature. It grows readily 
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USjialiyJastJ’or more than a fortnight after convalescence , and ils 
existence for 2 months is uncommon, chronic carriers being 
exceedingly rare. Healthy carriers are a great danger both t o 
themselv es a ndjo others. “ 

'• A ‘ifr.Ttn nf rhnlpro -T’.. ,m • 


and cultural characteristics, but is i _ 

duces an extracellular toxin. It is agglutinated and dissolved bv 

anti^cholera serum. Most observers now regard it as a modified 
cholera vibri o. Many other vibrios, of which some cause disease 
in lower animals and others arc nomparasitic, are known. 
/The diagnosis of chofera in m an can frequently be made by 
Oirect microscopical examination of the fluid stools, both stained 
and unstained; the occurrence of large numbers of typical vibrios 




will usually show large numbers of vibrios; but if necessary a 
second inoculation may be made from the first, and m the case of 
c arrier s even a third may be required. * ^he very rapid surfact 
grow th ^ cholera vibr ios-secures jheir-enrichment iindjhey.can 
then be j solated by plating.aJ oopful from th e surface onMlkaJj^i 
agar or a sp ecial alkaline blood-ag pr, Dieu donn 6*s medium . 

Strict criteria are required for the* identification "as K cholem 
of a Vibrio isolated from the feces of a suspected carrier or from 

a sample of water. *^7* ■ 

cholera are ferment. 
arabinose .andthe ch _! 

teristics may be confidently identified as V. cholera if it is agglut»v 
nfpH hv a specific anti-cholera serum . cholera po_ssesses bo th 
Hand O antigen s, many of which occur m other, non-pathogenic. 


human beings 


byjhe.use ol cholera vaccine. 


CHAPTER XXXV 


PASTEURELLA 

Pasteurella pestis 
Yersin and Kitasato, 1894 

Past pestis IS found in its most characteristic form in material 
taken from early plague lesions in man or animals It is short and 
thick, with, .r ounded end s, and may frequently appear airrtost 
coccal in outline. Its average size is from In to 2n byO 5u to I Ou. 
but under certain conditions much larger forms are also found. 
It occurs m the body either singly or in pairs, short chains being 
exceptional vYoung cultures on solid or in fluid medium present 


agar" (agar containing about _3 per cent, sodium chloride) show 
many involution forms, large, faintly staining, ovoid, globular, o r 
club-shaped, somewhat s uggestive of yeasts . 

The organism stain s readily with o rdinary stains, but is Gram 
negativ e. When freshly isolated from the body, a characteristic 
feature of the bacillus is the occurrence p f polar staining . The P, 
central part of the bacillus is unstained, or but faintly stained, 


complete absence of oxygen growth is either absent or very slight. 
The optimum temperature of cultivation is about 30°, b ut grovrth 
occurs quite satisfactonly at body temperature. It grows readily 
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on any of the ordinary laboratory media, but the first cultures 
made from the body may require an e nriched medrttm. such a s 
blood-agar . O n agar._the coloniej are small, translucent, wth 
g ranula r centres and somewhat irregular e dges. A culture on an 
agar slop e is translucent and the_ growth . when touched with a 
platinum wire, is sticW. In older culture s a certain irregularity in 
the size of the colonies, almost su ggestive of imouritv in the cul- 
ture, is rather characteristic. Gelatin is not liquefied by the growth 
of Past. pesHs. When grown in broth the organisms fall to the 



bottom of the tube as a granular depos it, leaving the upper par 
clear./If, however, a little oil is floated on the broth, the growt 
starts from the lower surface of the oil and long 
filaments, composed of masses ol^ bacilli, _ grow downwards 
towards the bottom. To secure this stalactite type of grow th it is 
essential that the flask should remain absolutely steady, as the 
slightest movement is suflident to detach the threads. In hroS 
the bacilli occur most commonly in long chains. No indj>le^ is 
prAdiiceH hv fhfi growth of Past^nesttrin broth or peptone \n ier. 
T-fee organism produces acid without gas in media contajmng 
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glucose, mannitol and usually maltose . No fermentation of lac- 
tose, saccharose or dulcitol is found. 

The resistance of the organism against heat, drying, and anti- 
septics IS not especially marked. It withstands, however, a 
consic’ eks in 

dried 

Pja . . • ■ ' of the 

rat ■ te an d 

rapidly fatal s epticamia . The lymphatic glands, which are enlarged 
and congested, are surrounded by hiemorrhagic and oedematous 
areas The spleen is enlarged and the liver is mottled owing to the 
occurrence of small areas of necrosis alternating with hajmorrhagic 
points There is generally an excess of fluid in the pleural cavities. 
More rarely plague may take a more chronic course in the rat. 
A rat usually becomes infected by the bite of a fle a \^ich has 
previously bitten a rat suffering from plague septicjemta. d nfection 
also occurs by devouring of the carcass of a rat dead of the disease. 

Human plague is a most serious disease, and from time to tune 
there have been widespread e pidemic s causing the deaths of 
millions of victims. It may occur either m mild form. Pestis 
Minor , m which a moderate pyrexia with slight enlargement an d 
t enderness nf nna nr mnre^gr oiips of Ivmphatic glands a re the 
chief characteristics, or as Pestis Maior . which may assume one 
of three types: Bubonic, Pneumonic, or Septicsmic . Aj Bubon ic 
plague^ which is of c ommones t occurrence, commences with a 
progressive swelling of a group of lvmphatic_g|ands. most fre- 
quently the inguinal, accompanied by great pain . i ^Marked 
I pyrexia_and great prostTation are two of the outstanding chara c- 
1 tenstics nf the disease. The pathological condition of the swolle n 
glands IS one of intense inflammation with hgmorrhages. leadin g 
eventually to necrosis.. Not only the glands themselves but also 


tissue. In the early stages the glands are packed with enormous 
numbers of coccoid, polar-staining bacilli, and a film prepared 
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on any of the ordina/y laboratory media, but the first cuhures 
made from the body may require an e nriched medium, sucfi u 
blood-aga r. On apar jhe colonie^ are small, translucent, wif 
gran ula r^centres and somewhat irreg ular edges. A culture coat 
agar slop e is translucent and the growth , when touched wifi 3 
platinum wire, is sticky . ) n older culture s a certain irregularityii 
the size of the colonies, almost su ggestive of impurity jn the cut 
t ure, is rather characteristic. Gelatin is not liquefied by the gronii 
of /Vj/. pesth. When grown in broth the organisms fall to tli^ 



F/o. 64.~Pos/. pestis FROM Young 
Agar Culture (x 950) 


bottom of the tube as a granular deposj t. leaving the upF*”? 
clear /If, however, a little oil is floated on the broth, 
starts Prom the lower surface of the oil and long 
filaments, composed of masses of bacilli, grow 
towards the bottom. To secure this stalactite t vpe of gfoy^l” ' ' 
essential that the flask should remain absolutely steady, 
slightest movement is sufficient to detach the threads In 
the bacilli occur most commonly in long chains. Ko inoolj. 
produced hv the gr owtlror Pasf. nestis'in broth or peptone ^^^^ 
The organism produces acid without gas m media cont3jjH .°^ 
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spreading broncho-pneumon i a of a hiemorrhagic typ e. Enormous 
numbers of the bacilli are to be found in the bloody_ sputum. 
This form of*’ ” ■ * ‘ ■' since the 

, . .iream is cany invaded , 

_ in the glancls or lungs. 

Laboratory animals, particularly guinea-pigs, rats, and mice, 
are susceptible to infection. As a result of sub^taneous injection 
in the guinea-pig, there is_a local lesion with marked'ade'ma," con- 
gestion, and small hemo rrhag es. The glands draining the area 
involved are enlarged and their condition is very similar to that 
found in human plague. Congestion and hsmorrhagcs are found 
in t he inter nal organs, particularly in the spleen, which is often 
studded with small pale areas of necrosis resemBlmg, in naked eye 
appearance, miliary tubercles. The animal generally dies within 
a week of receiving the injection. The gu inear pig may also be 
infected by smearing the conjunctiva, or the nasal mucous mem- 
brane, or by rubbing the freshly shaved skin of the abdome n 
, • • • ‘' iLmetho d 

*, such as 
. ..ue. Rats 

and mice may also be infected by catling food containing the bacilli. 

Infection of man m the bubonic and s epticzemic type s occurs 
through the skin, either owing to the bacilli contained in dust 
finding entrv’^t hrough minute abrasions or, in the majority of ; 
cases, from the' ^ite of a rat Ile a which has previously fed on a 
plague rat ^he bacilli in the blood of the rat multiply in th e 
stomach of the flea and are regu rgi tate d at the next feed, vthe 
bacilli are also present m the flea’s faeces, and by scratching the 
site of t he bite on which the insect has dcf 2 Bcaled,_the_bacilIi may 
be forced into the wound and so enter the body. A flea may 
remain i nfective as long as 3 w eekS-after partaking of blood from 
a plague rat. In India, the common host of Past pestis is the rat. 
The disease is spread from rat to rat by the rat flea. As a result of 
an epizootic of plague among rats, the number of these is reduced 
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Jrom the glan^pul p may resemble a pure culture of the organism. 
/ when necrosis becomes marked, the number of bacilh decreas ts 
- --- -- - ' - - h does not superv ene 

^ ‘ ■' • • , it a slightly later d ate 

. ■ ■ •• . , i. In addition to the 

primary bubo , one or more s econdary bubo es may appear m 
other groups of glands. These are usually much less marked, but 
they show changes similar to those'of the primary hubo. The 
s pleen is enlarge d and may show a reas of hamorrhae e and 



Kio. 65. — Past, pestis in Fluid from 
Bubo {x 800). 

necrosi s, as may also the liver and lung s. In the spleen, as in the 
g lan ds, larg e nu mbers of_tociIli are present. The cells oftheji^ 
a^‘ ' , ■ • • ’ ^ 

iept. . ■ . , , ‘ ■ 

num __ ' ■ 

'ound by direct microscopical examination. The bacilli are ire* 
iquently present m the blood, even at an early stage of the disease, 
but in Jiiuch.^maller numbers, and this does not pgrtes^ , o 
necessity, -a fatal issue. The mortality of bubonic plague vanes m 
different epidemics from 20 to 90 jwr cent. 

In pneumonic plagu e, the condition is primarily one of japjdi/ 
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tion of Past, pest is, the outstanding points are characters of growth 
on agar, in broth, and on salt agar, microscopical appearance, 
- ^biochemical a ctivityraggluti nation with specific seru m and patho; 
genicity for animals 

The examination of carcasses of rats and of other animals which 
have died from a pla gue-Hke diseas e requires isolation of the 
organisms and their complete investigation. vWhere putrefaction 
has occurred ordinary cultural methods usually fail, hut'^Past. 
pestis can be isolated by making use of the fact that the organism 
can penetrate _^e nasal mucous membrane or the shaved skin of 
the guinea-Die. the maioritv of other bacteria failing to do so. 

The antigenic similarity of Past, pesits. Past. pseuBotubercuhsis 
and Past, septica, and particularly of the first two, is so great as to 
render their serological differentiation very difficult. The results 
of serological investigation should be interpreted with caution 
and with due consideration for biochemical activity and patho- 
genicity for animals. 

Pasteurella pseudotuberculosis 
Mallassez and Vignal, 1883 

Past. pseuBotubercuhsis is very similar in general characteristics 
to Past, pestis and antigenicallv the two are almost identical 
Points in which Past. pseuBotubercuhsis differs from Past, pestis 
are the fact that it is motil e when grown at 20°-22'’ and that all 
strains ferment maltose and some saccharose. 

The organism is not believed to be pathogenic for human beings 
but IS for a large variety of animal species^ It is the cause of 
naturally occurring disease in roden ts, the acute form of which 
resembles plague, the chronic form, caseous lesions which 
resemble those of tuberculosis occur in glands, spleen, liver 
and lungs. 

Pasteurella septica {Pasteurella multocidd) 

Kitt, 1878 

Past, sepuca is very similar to the other pasteurelUe but can be’ 
distinguished from them by its fermentation of saccharos e but 
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great intermediary between the rat and man and preventive 
measure are to b e directed chiefly to the elimination and ex- 
elu sion of rat s. 

pneumon tc_Dlague. infection-is.usually.direct-from.patient 
to victim by means of dro plets of sputum containing baci.Ui 
■■Sporadic cases of pneumonia occur in epidemics of bubonic 
plague, and these are probably the origin of epidemics of the 
pneumonic form of the disease. It seems possible that i n a short 
t ime the organism s acauire a oreference for the tissue of the lune 

T he toxins of P • , 

of broth cultures • _ 

cultures of the bacillus, killed by heating to 65" for I hour, may 
cause areas of necrosis and haemorrhages in the internal organ s. 

Since one attack of plague protects for life, attempts have been 
made to secure immunity in man by vaccines The incidence of 
the disease has been lower in the vaccinated , and in those who did 
acguir§ it the mortality has been protection lastsjgf 

Sulphonamides and particularly sulphathiazole are of value in 
the treatment of plague and good results have also been reporte 
with streptomycin. 

The bacteriological diagnosis of the disease in man presents no 
special difficultly 'In places where bubonic p lague is endejniCi 
3 microscopical examinationjjf-fluid^^spirated from a bubo wi 
3 hypodermic syringe and needle, is usually satisfactory, as t c 
finding of'^rge numbers of short, fat, polar staining baci i is 
iufficient to confirm the diagnosis, tt.shnuld 

■hat i n ca ses whi ch recQv er,_nQ b acilli m ay_be found jnicXQSCflpJC 

ill y or on culture in the g la nd flui d in the later sta ges.^altho^g 
he bubo is still p resent. In the first case^curnng in a non- 
)Iague locality and in the examination of the sp utum from a case 
if suspected pneumonic plague, it is essential to isolate t e 
irganism and to investigate its characteristics. In the identi ca 
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tion of Past, pestis, the outstanding points are characters of growth 
on agar, in broth, and on salt agar, microscopical appearance, 
^biochemical a ctivitvragglut mation with specific seru m and patho; 
geni city for an imals 

"’The examination of carcasses of rats and of other animals which 
have died from a plag ue-hke diseas e requires isolation of the 
organisms and their complete investigation ‘^here putrefaction 
has occurred ordinary cultural methods usually fail, but Past, 
pestis can be isolated by making use of the fact that the organism 

the 

and Past septica, and particularly of the first two, is so great as to 
render their serological differentiation very difficult. The results 
of serological investigation should be interpreted with caution 
and with due consideration for biochemical activity and patho* 
genicity for animals. 

Pasteurclla pseudotuberculosis 
Mallassez and Vignal, 1883 

Past, pseudotubercuiosis is very similar m general characteristics 
to Past pestis and antigenicallv the two are almost identical. 
Points m which Past, pseudotubercuiosis differs from Past, pestis 
are the fact that it is motil e when grown at 20®-22'’ and that all 
strains ferment maltose and some saccharose. 

The organism is not believed to be pathogenic for human beings 
but is for a large variety of animal species. It is the cause of 
naturally occurring disease in roden ts, the acute form of which i 
resembles plague ’ ^n the chrome form, caseous lesions whi ch 
r esemble th ose of tubercu losis o ccur in glands, spleen, liver' 
and lung s. ' 

Pasteurclla septica {Pasteurella multocida) 

Kitt, 1878 

Past septica is very similar to the other pasteurell® but can beU. 
distinguished from them by its fermentation of saccharose but 
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not usually of maltose and by its production ofindnlft. Like Pa;/. 

pesu's it is non-motile. ’ 

It gives rise to a hagm_orrhagic type of septica^tnia in a large 
variety of birds and mammals. Strains were formerly given such 
specific names as aviseptica, boviseptica, lepiseptica and suiseptica 
according to the animal species from which they had been isolated 
These were sometimes referred to as constituting^ he hamorrhag ic 
septiCtCmj a group of bacteria . ^ 

The organism occasionally causes abscess formation in man. 


Pasteurella tularensis 
McCoy .ndChapi., 

Past, tularensis is smaller than Past, peslis and possesses a cap- 
sule . Primary cultures are rather difficult to obtain, medium 
containing blood, glucose, and 0 1 percent, of cystine being most 
successful. The c olonies are small and visci d. 

This organism is responsible for a disease occurring naturally— 
in ground squirrels, rabbits, hares and other rodents and possibly 
also in sheep, cattle, grouse, and quail. Mice, guinea-pigs, and 
rabbits can be infected experimentally. T he disease in hu man 
beings, which is known as tulanemia , was first observed m 
vAmerica, but, later, cases were recorded in Japan, Siberia, Russia, 
Scandinavia, and Central Europe. Several bacteriologists else- 
where have been infected from lab 
take place by i noculation, throui 
the-i:QnjuucIiYa,_and_j3p^jbJy_bj 
animals suffering from the diseas e. ^ 
oT* hLood-sucking insects — the deer flv (Chrysops d is£al‘s), the 
wood tick { Dermacentor andersoni), and others which are respons- 
ible for its spread among animals. 

In animals the disease closely resembles plague and h very ' 
fatal, but m man it is milder and ra rgJ yJataj. ali houfill^otig 
d uratio n. It may resembletyphoid fever or present, as jt smo^^ 
s trikip^ features, a primary ulcer at the si te.xiflinactilatioivagO‘ 
g ian^ar "e'nlarg eme n^ w^h may pr^ess to suppuratio n- 
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Direct cultures from h jimancases have usually .been .unsuccessful. 
The best method of isolating the organism is to inject a guinea- 
pig mtrapentoneally with material from the human lesion and 
obtain a culture from th e necr otic foci .which develop in the liver, 
spleen and lungs of the animal. 

Very successful results have been obtained in cases of tulancmia 
by treatment with streptomycin. ✓ 
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H/r:MOPIIILIC BACTERIA 

Hitmophllm influcn/x 
rfeiffcr. 1892 

Tlic influcnM hacillm of l*fc iflcf_i< one of the moit minute of 
the ordinary hactena, measuring from l-O-i to 1*5'^ by 02a to 
0 but almost coccal forms arc common in body fluid; ar.d 
^iil.imenls may tKcur in culture, it is found in scry large numbed 
in the sputum of m.my pati^t^in the early stapes ofthe d isease. 
r'biit cspcric'ncoil obscKcrs base failed to detect its presence after 
careful search in a considerable proportion of cases of clinial 
influen/a. When present, i t is found l sing singly, in pairs, or most 
commonly In clusters but never in chains. cjt^cr_bcittwn_ef 
svilhin the leucocytes in the sputum. It is non-motileanddcwwi 
form spores. •^•ully sirulcnt strains .are capsubted. It is Crani 
nggntivc and stains less readily than the majority of bactena.d'^ 
most successful stains being dilute carbol fuchsin or alkaline 
methylene blue, applied for a longer time than usual.s^-requcntl) 
the b.icilli shosv bipolar staining, the centra! portion taking 
stain less intensely than the ends. 

The bacillus is strictly aerobi c and svill grow only at, or near, 
boily temperature. It will not grow on plain or scrum agnr. On 
hlood»acar colonie s arc just visible as very minute, dear, droplike 
dots at the end of 2*f hours. On the nest day the colonics nwy 
haveadiami ‘ *" '* ... — 

fuse growth » 

the tubes of 

100’ for a minutes!-' OnJhis_mcdium the colonies are mum 
larger, grey m colour, and more opaque. 

Tuo factors. X and V, are necessary for the cultivation^d j- 
in/lucitztr.<^\, in^ biood agar or chocolate agar, is hxjnin deri^ 
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a nimal and ve eetabl eJissues^ in blood and veast, has been iden ti- 
fied as > one of th e two co- dehydrogenases. , di-_^or-tn-Dho spho« 
yndine nu cleotide^t is also present in cultures of most bacteria, , 
and Its production by staphylococci is illustrated by the phenome - 
non of s at ellitism . so characteristic of H. influenza. This is the : 
great increase m the size of colonies of tjie orgam^sm on blood- 
agar in the vicinity of a staphylococcus colony. 

influenza ferments glucose and sometimes, also, maltose 
and saccharose, acid only being produced. Neither lactose nor 
mannitol is fermented. S ome strains produce indole and some are 
hzmolytic . 

The p leomorphism of H. influenza has been referred to already. 
Its morphology is fairly closely correlated with colony f orm and 
antigenic structur e.’^T he fully virulent organisni is almost cpccal j 
in morphology, is capsulate d and produces smooth, slightly 
mucoid colonies, y When capsules are no longer produced, the , 
organism assumes a more definitely bacillary form and the ' 
colonies are smooth but not mucoid. This is the type mos t 
commonly isolated from the respi ratory tract. ^ Re latively non- 



sputum and in cultures its vitality does not persist for more than 
a few days. It is easily killed by heat and antiseptics. 

The organism is pathogenic for animals but in none is it poss- 
ible, by inoculation of cultures, to produce a disease having any 
resemblance to human influenza. By direct injection into the 
lung's 'of monkeys an acute respiratory disease with pyrexia and 
broncho-pneumonia may be produced. 
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That pieifier's bacillus was the' cmisc ofTofiuenza in man was 
commonly accepted until the epidemics of 1918 and 1919. During 
these years many bactcriologwts, in many lands, investigated the 
bacteriology of the disease, ♦^ome, in certain places, found the 
bacilli in practically every case. Others, however, failed in many 
.or even in the majority of cases to isolate the organism. Experi - 


,, brane of the respiratory tract. 

It is now universally accepted that influenza is due to a viru s 
In some epidemics, however, a coincident infection with a virulent 
strain of injluenza makes .the disease morc^serious and more 
ft is of interest to note that the i nfluenza of swi ne is due W 
’ the combined action of a virus, closely resembling the virus of 
human influenza, and of H. suis, an organism very similar to 
ff. infiuenzte. 

Apart from influenza, H. influenza is definit^ pathogenig for 
ma n. It causes a not uncommon variety of meningiti s and a 
rather rare type of ''■''V ’ 

organisms casing .-•• •• 

Koch-Weeks bacillu . '• ■ ” 

Jt should now be called by that name. *^. influ enza is common! )' 
f^nd in the sputum in acute and subacute infections ofj ^ 
respiratory tract., 

H. influenza is relatively resistant to penic iljyi, ajact_whirii 
may be used to facilitate its isolation from sputujji. Wheo 
penicillin is either incorporated in the medium or is spread over 
;ts surface.'lhe growth of most pyogenic cocci, but not of ff 
nfluenza, is prevented. Its resistance is not, however, absolute 
md when pemcittmean be applied locally in high concentration, as 
ti meningitis, good therapeutic results are obtained ^Jt is sensitiv e 
o strePAomyem . 
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> HamophUus pertussis 

3 Bordet and Gengou, 1906 

H pertussis is an organism very similar to Pfeiffer’s bacillus. 

It IS inclined to be more definitely bacil lary than that organism 
which It resembles in staining peculiantie? and in characteristic 
grouping. It is normally c apsula tcd. non-motile, does not ferment 
any sugar and does not produce indole s 

It^ more difficult to obtain m primary culture than H. influenza 
andi Tor culture, it is essenti. ’ • ■ * • 

early stages of whoop i ng ct ■ , ' 

numerous, disappear later/' 

and Gengou, which is potato-extract gly cerol-ag ar with up to 50 > 
per cent, of blood, is superior to plain blood-agar. ThejioJqmes 
after 72 hours incubation are smaller than those of Pfeiffer’s 
bacillus but otherwise similar. Sub-cultures may, however, grow 
much more luxuriantly than those of H. influenza, the cdonies 
becoming sticky, opaque and grey in .colour with a dull metallic 
lustre like that of aluminium paint.*' Strains of the organism cul- 
tured for some time on artificial media can grow in the absence 
of both X and V factors and even on plain agar. It has been sug- 
gested that the high proportion of blood required in media used 
for the culture of H. pertussis is of value on account of the albumin, i 
rather than the hemoglobin, which it conlains.-^t is possible that, 
if this view be correct, t he albumin acts as a n_absorber of some^ 
deLeterious^ptoduct of growth of the o r ganism, such as oleic acid, 
rather tha n as_a_nutrienU Blood required for the growth of cer- 
tain other bacteria, such as H. ducreyi, irmy serve the same purpose. 

the early stages of whoop ing cough the bacilli may be found 
m eno rmou7 numbers in the sputum, particularly in the thick • 
viscid secretion obtained from the smaller bronchioles at the end 
of a paroxysm of coughing They are also seen in sections of the I 
l ung t ying on or between the cells of the mucous membrane of^ 
lhc_bronchioles and alveol^ When correct technique is adopted* 
the organisms are found in almost every case of the disease. 
Plates of Bordet and Gengou’s medium may be inoculated by 
spreading a specimen of sputum, by allowing the patient to cough 
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on the plate and so distribute droplets containing the organism 
over its surface ( cough plate m ethod) or, best of all, by spreading 
material collected with a swab from the'posterior naso-pharyneeal 

u"ill r ,v . ef . 

t per ml.) and of strept o- 
n inhibits the g rowth of 

Vhich ^v puld,rendgniie 

i^ola^Iion of p cr/im / j diffic ult, pertussis is distinctly toxic 
for some animals, the intravcnblis injectioo-of.autolysed cultures 
killing rabbits in from 24 to 48 hours. Only endotoxins are pro- 
duccd. Intra-trachcal inoculation of dogs and monkeys with the 
living organism produces a catarrhal inllammation of the respira- 
tory mucous membrane, with pyrexia and occasionally patches of 
broncho-pneumonia, death occurring in a number of cases in 
from 2 to 3 weeks. 

While t he bactcrium has not been definitely proved to be the 
;ausal organism of whooping coug h, the evidence is largely in 
‘avour of this. The fact thatll has been found in the sputum ofa 
imal! number of adults suffering from chronic bronchit is is no 
vcighty objection. 

All recently isolated, smooth strains of //. are of the 

a v CM 

»f , , 

^ ■ . . * 

Icared up some of the difficulties in connection with the serology 
f H. pertussis, v ^n artificial culture, on unsuitable me^niiJhe 
acillus un derg oe s antigenic changes, p assing from Pl^ejilh? 
ormal, sm ooth, fully virulent form, through Phases I^ndjriw. 
base IV, m which rhe"brganism is non-capsulated, n on-toxic and 
ves rise to rough colonies. 

'Vaccines are used prophylactically and appear to give a con- 
Jerable degree of i mmunity . Three injections should be 
iministered, pre'iera’o'iy d uring fne TirSt "b mottfifr -t/i_!rfA . 
ipir nrenaration organisms in Phase I must be used.^ 

. .r,. 
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Hsmopbilus ducreyi 
Ducrey, 1899 

This bacterium measures from l-5tx to 2 Ou by 0 5[X. In a soft - 
chancre, and in the pus of a bubo, it commonly occurs in chain s 
of from three to twenty bacilli, but solitary bacilli are seen either 
free or within pus cells . U is Gram negative, and frequently 
exhibits polar staining. . ki-* - 

The organism is difficult to cultivate at first, and the most 
favourable medium is either agar containing 25 to 30 per cent, of 
v ^efibrinated rabbit blood or rabbit, sheen or h uman blood which 
h as been allowed to clot a nd to express Jts serum,and has then > 
been heated to _55'’ for 1 5 minutes.^ In later cultures, X but not'V 
factor IS necessary for its growth iij ta> t? vujvvvCc. . 

Cultures on inoculation produce m man anii' m certain monkeys 
a typical soft chancre. 

The organism is a delicate one, easily killed by exposure, and 
infection usually spreads directly from individual to individual, 
particularly in coitus. 

Soft chancre must be distinguished from lymphogranuloma 
inguinale (climatic bubo), due to a virus, and from granuloma 
venereum, due to a Leishmania. 
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on the plate and so distribute droplets containing the organism 
over its surface ( cough plate m ethod) or, best of all, by spreading 
material collected with a swab from the'postcrior naso-phatyngea! 
\sall. The addition of t* . . . 

mycin (5 units per ml.) •,» 

many other bacteria, th* : . • . • 

isoiation of U. penussis . : ‘ 

for some animals, the mtravendus injcction.ofautolysed cultures 
killing rabbits in from 24 to 48 hours. Onlycndotoxim are pro- 
duepd. Intra-trachcal inoculation of dogs and monkeys svith the 
living organism produces a catarrhal inflammation of the respira- 
;ory mucous membrane, with pyrexia and occasionally patches of 
aroncho'pncumonia, death occurring in a number of cases ifl 
rom 2 to 3 weeks. 

While t he bacterium has not been definitely proved to he lit® 
ausal organism of whooping cou gh, the evidence is largely io 
jvour of this, the fact that it has been found in the sputunj ofa 
mall number of adults suffering from chronic bronchit is is no 
.■eighty objection. 

All recently isolated, smooth s tra ins of //■ penu sjiuss.^^ 

G 

U 

eaieu up some oi me ouiituiues in coiiijceuuii vvjiu un.. 

■ H. pertussis, v d^n artificial culture, on un^suitable medwnui^ 
icdlus undergoes anticeoic.changes, passing from ^aseJrJll^ 
»rmal, smooth, fully virulent form, through Phases 
lase iv, inTvhich the'organism is non-capsulated, n on-toxic^ 


^es rise to rough colonies.^ 

Vacci nes are used prophyJactically and appear to give a con- 
erable degree of i mmunity . Three injections should he 
ministered, preferably during the first 6 montl^.Qnife - 
;ir preparation organismsjn_ Phase I must b e used^ 
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BACTERIA CAUSING UNDULANT FEVER ('U:. 

Koii. unii; Crstrvi 

Bruce, 1887 


^ j CMiWcc&Kti). 

c, IK ' ■ ,y nmtv'lla melii 

’ _ 'f Brucella abortus 

Bang, 1897 
V }'' • \i>/ Brucella suis 

( . - Traum, 1914 


'wvcCj^ I uy'*-' 
aZnc(rCc c-< 
f >VL-u^lJc P 


that it is doubtiul if the granting oi a ^ 

ranted but, as a matter of convenience, we propose to re» ^ 
them by the names given above, ° ^ soskal 

These organisms are 

-c frt nppftnr coccal in mofjjhology. 1 » .y_ 

been described ^ ^ . molii; 

this be correct ’ * nsani 

and dQ_np_t foil . . . . • . ’ ; 

are Gram negaii vc. ‘ ‘ J ’ , under anaerobic 

The brucella; are r -ecies Wrjti«d»). 

conditions. ^The majority of « “ "' 0^0 air^ntoi"'"? 
when freshly isolated, grow OTlynn the Pr^ “ ,,„ral 
a high proportion mniospher;c 

‘nrho- andlr— n. sraHa m^.) may not be atlainr^ 


for 7 days, 
butjhcse. 
when this 


elviC^ti 

and, 


-^rr^ .cwc*i^3*0 - - 


''SS’f 

' Maximum growth is obtained o n, liver extract agar In broth, 
slight turbidity and deposit arc slowly produced. Gelatin is not . 
liquefied, indole is not produced and no sugar is fermented. 
-"^The organisms resist cold and drying very well and survive in 
dry dust for some months. They have no remarkable resistance 
against heat or chemicai'antiseptics fcCtUi'd’ fco’c 
Before dealing ivith the pathogenic properties of the three 
species, the methods by .which they maybe distinguished fromone 
another will be considered. In some cases differentiation is rela- 
tively easy, in others very difficult. ^^ Information as regards the . 
locality and the species of animal from w hich th^ stjam was 
isolated is of valu e. ^ — - 

f The requirement of Br abortus (ex cept Rhodesian strains) for ' 
additional COj in the atmosphere to which early cutturw are 
exposed has already been mentioned Br abortus and American 
s trains of Br, sws give off H«S from culti/l’es' in considerable i 
amount and for several mclnens is and Danish strains of 

Br, suis either give off no HjS or a small amount for only I day. 

/ 'DieJnhibitorv action of certain djes_incorpora_ted m the medium ^ 
(p^fe^ly liver extract) is probably the most valuable criterion 
for differentiation of th*e species. Thkinost u seful dye s are thiom n 
andJasi C fuchsi n. The optimum concentration depends to some 
extent on the medium used, but usually lies between 1 /30,000 and 
1 /60,000 for thiomn and between J 125,000 and 1 /50,000 for tmic 
'f fuchsm.*^ Br. mehtensis grows in the prese nce of both dyes, "Br. 

I abortus in the p resejice of basic fuchsm, but not of thionfn and 
Br. suis m t he_presence of thiomn but not of basic fuchsin .. 

Antieenic allv the organisms are ve ixsmuJaL. while still smooth, 
they ap ppnr.ln ppssess two or more antigens w turh are comjngn'' 
to t he thre e s pecies but occur in the m in different proportions- , ln_i 
consequence of this,'^ntisenjin prepared against jine.agglutmates ^ 
all three. Bjf using' the absorption of agglutinin technique, it is 
possible to distinguish Br. mehtensis from the other two but it is 
not possible to distinguish Br. abortus fFom Br suts. 

T he three s pecies of the genus Brucella undergo S *■ R trans- 

formation more quickly than do most other bacteria. Even when ’ 
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the change has not been completed, 'the three species are anti- 
gcnicaffy indistinguishable. The occurrence of this type of trans- 
formation is of importance in another way. v the power of H e 


8r. me/itcns is is normally parasitic in goats, in which if «iiscs 
^ aborlioA ;^\iien the acute stage of the afsease has passed, the 
goat may continue to excrete the organism in large numbers in 
her milk a nd urif\e for a considerable time. The organism has 
occasionally been isolated from the milk of cows and sheep. 
f^man bei ngs may be infected directly from a patient or 
material coming from a paiient^fThe organism can enter the body 
through wounds and abrasions oflh^skin as' h'as' Happened in a 
number of laboratory Infections. The commonest method of 

. • . . . • .fc. ...JtJ. .f 

■ , , • , • now usuall y 

^ • ■ • . ■ ’ 

Mediterranean fever. It is characterised by headache, sweatini, ^ 
pams in the joints, orchit is, constipation, enlarged si?lee n and 
i rregular p yrexia. ■^It may persist for weeks or months. The 
fatality rate does not exceed 2 per cent. 

Diagnosis may be made by isolating the organism from the 
blood or, less commonly, from th e urine during hfe^r from the 
spleen, lymphatic glands or gall bladder at post-mortem examina- 
tion, v^l! cultures should be incubated for several weeks as the 


disease from animals and pasteurisation or boiling ot mux. 
f,_ ..... ... o rr-a/iiTPni e^n'ts nf abortion in cows and iJ 


carried out m the presence of air containing 10 per cent. CO 2 ), 
but is commonly negative. positive'' ^gglutination test .^using 
tjie serum of the jpatient, usually suffices to confirm the diagnosis. 

It should be noted that when antisera^ whether human or animal, 
are examined for their power to agglutinate brucella, marked ^ 
zones are very liable.tojoccur So, in tubes containing high 
concentrations of serum, there may be no agglutination whereas, 
in later tubes in the senes, in which the concentrations of serum 
are lower, marked agglutination occurs. ^The most satisfactory 
way of demonstrating the presence of Br. abortus in mi lk is by 
intraperitoneal or subcutaneous injection of a gumea*pig ‘^he 
demonstration of agglutinins in the serum of the guinea-pig a few 
weeks after inoculating strongly suggests that the milk injected 
contained Br. abortus.^Comp\ete proof is afforded by killing the 
animal 2 months after inoculation and cultivating the organism 
from spleen and lymphatic glands. The milk of infected cows 
contains agglutinins, the presence of which may be demonstrated 
in the whey It is veTy difficult to maintain a herd of milch cows 
free fromBr abortus The only satisfactory method of prevention 
of human infections with the organism is pasteurisation of milk. 

The usual host of Br %uis is the pig, but the organism may also^^ 
cause disease m other animals, including the cow. The disease ^ 
re sulting from infection of human beings witlPthis Brucella Is 
similar to, but more serious than, abortus feve r. Infection most 
commonly results from contact with a naturally infected animal 
or Its carcass. / - • » r '-'i- / 1 

L • t- -r . » . f U, I- ^ iC / 
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the change has not been completed, the three spedes are antJ- 
gcnically indisti/jgujshaWc. The occurrence of this (jpcaftojis- 
formation is of importance in another way, v ^e power of tii t 
scrum ofa patient toaf p }utiaMconc cft hc^r: /r(’//a jipf 
able s'aiue in establishing a diagnosis of infection b y an o rgamso 
^ not by a partkuhr specie s, t ^innr tip 
partially rough strains arc liable to*'non-spccificaeclutinatiQnb> 
the scj^ of,no rnutl^ iVr%oh^ and, esen more, of those sufftrinj 
from pyrexia, only co mpl eted smoot h strains must t y u sfdji ^ 

’ .* I'l' ■ *• ■> . ' '■ I * ‘ *”*•' • • t'*' 

^ _ ' ■ . •• • • in svhieh it QiL'CS 

■ ' • _ * ' ; . • * * • , 'ase has pai>cd. lit 

goal may continue to excrete the organism rn large numbers w 
her milk and urirtc for a considerable time. The organism bss 
occasionally been isolated from the milk of cows and sh«p 
Human bein gs may be infected directly from a patient or b) 
material coming from a paticnt.yThc organism can enter the 
through wounds and abrasions of" the skin’’aTh'as happened in* 
lumber of laboratory infections. The commonest ffletb<xl 
nfcction, howeser, is by'^rmking the milk of infected goats. 

T he d<se.ise produced in man by Br. we/r/mwJsjTonMi^? 
ailed un dulant fescr. It xs-as fonncrly known as Malta fe\er<^ 
kfediterranean fever. Ji is characterised b> headache, sweaUf^. 
lams in the joints, orchitis, constipation, enlarged sp jrcn as 
rrc^iilar pyrexia. -^It may persist for ssecks or months. 
jtality rate docs not c.xeecd 2 per cent. 

Diagnosis may be made by isolating the organism from 
lood or, less commonly, from th e urine durmg_hfc~?^ from tee 
jlecn, lymphatic glands or gall bladder at post-mortem examim 
on.vAII cultures should be incubated for several weeks as 
rganism develops slowly. * ' '* • r*" " --..cnAn^.on o 2 

^pfctcly smooth stram 0 / 

Uient at a titre of f : 100 c. 

fcction by some Brucella. 

The preventive measure's of importance are eradication of toe 
seasc from animals and pasteurisation or boiling of milk- 
Br. abortus is a frequent cause of abortion in cows 
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commonly present in the inilk of aninmls which otherwise appear fir 
healthy It may, m the Bntish Islands, be present in 50 per cent. C 

of samples of bulked, raw milk. In view of this, it is rather extra- 

ordinary that the number of human infections is so small and that 
those affected are rarely the chief milk consumers in a comm unity. 
children and wome n \ /rhe human disease, abortus fryer nr the. ^ 
abortus variety of undulant fever, is a long c ontinued pyre xia, 
often \vith remissio ns, which may be accompanied by joint, pairs, 
s kin ras hes and other^ symptoms. It is very rarely fatal. For pur- 
poses _of. diagnosis, ^ blood cu lture should always be made, 
preferably at the height of the pyrcxial period ( incubation being 
carried out m the presence of air containing 10 per cent. CO 2 ), 
but is commonly negative. positive ^gelutination.test .jising 
tj^ serum of the patient, usually suffices to confirm the diagnosis. 

It should be noted that when antisera^ whether human or animal, 
are_examined for their power to agglutinate brucella, marked |/ 
zones are very liablejo .occur. So, in tubes containing high 
concentrations of serum, there may be no agglutination whereas, 
in later tubes in the senes, m which the concentrations of serum 
are low’cr, marked agglutination occurs. d-The most satisfactory 
way of demonstrating the presence of Br. abortus m mil k is by 
intraperitoneal or subcutaneous injection of a guinea-pig.^^The 
demonstration of agglutinins in the serum of the guinea-pig a few 
weeks after inoculating strongly suggests that the milk injected 
contained Br. abortus ^Complete proof is afforded by killing the 
animal 2 months after inoculation and cultivating the organism 
from spleen and lymphatic glands. The milk of infected cows 
contains agglutinms, the presence of which may be demonstrated ^ 
ii^he whe j y . It is very difficult to maintain a herd of milch cows 
free from Br 'abortus. The only satisfactory method of prevention 
of human infections with the organism is pasteurisation of milk. 

The usual host of Br ■' • » • 

cause disease in other a 
re sulting from infectior 

similar to, but more serious th^, abortus fever. Infection most 



CHAPTER XXXVIII 


THE TUBERCLE BACILLUS 

Mycobacterium tuberculosis var. hominis 
Koch, 1884 

Mycobacterium tuberculosis var. bovis 
Th. Smith, 1896 
Mycobacterium avium 
Strauss and Gamal6ia, I89J 

There are three chief varieties otT ubercie Bacflh — the Human, 
the Bov ine and the Avian. The first two are so simila r that they 
are r egarded mereiy as varieties of one species . The avian tubercle 
bacillus constitutes a distinct species. We will first consider the 
morphological and cultural characteristics of the three organisms 
separately, and will then deal with tuberculosis m general and the 
pathogenic properties of the three. 

K The human type of tubercle bacillus is athjn, straight or, slighlly 
cu rved ro d measuring from2jUo 5fi by 0-3p- The bacilli are found 
Ti n mate ria! tak en from the bod ’ ^s'inelv. in pai rs usually.arranged 
at_an_angle, or in clusters in which the individuals are commonly 
more or less parallel in arrangement. They may itnin uniformly 
or may present a beaded appear ance, due to the alternation of 
darkly staining portions with those which are either unstained or 

x’. . . , fi t/Mic r^rrns 


the time is increased or hea t is a pphed. /When, nowevei, mx •-“ 
are stained, they very strongly resist decolorisation with alcoho 
or with mineral acids^These peculiarities— the difhculty in stain- 
ing and the resistance against decolorising agents (the so-calleci 
acid-fast and alcohol-fast properties) — are most important points 
384 
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in distinguishing them from the majority of other bacteria :^e| 
reason is ntobably the considetabic amount of and Upoldal 
substances present in their bodies . The most useful staining^ 
method is the Ziehl-Neelsen metho d, in which wanned carbol- 
fuchsin is the stain and the decolorUcr either 20 per cent, sulphuric 
acid m water or 3 per cent, hydrochloric acid in alcohol. 
When the baciU^re stained by. methyl viole tthey are found to be Cj. 
Gram positive . Under certain conditions young bacilli appear to 
be not acid-fast, and i n tubefciilmis [ins it may be impossible to 



Fio 66. — Myco. tubercuions from 

Culture (x 800). 


detecLacidrfast.bacilU, and yet the material may cause tubercu- 
losis in animals when injected. 

obtain cultures of the tubercle bacillus s pecial media an d 
prolonged incubation are necessary . The slow gro wth prohibits 
the plating method commonly employed for the isolation of other 
bacteria, because the medium would become dry or would be 
overgrown by other organisms before the tubercle bacilli could 
develop. Cultures may be obtained by spreading material over 
lhe_sutfacs_QL-special medium in a tube, provided no other 
organisms are present. To prevent drying of the medium, the 
tube may be sealed by treating the plug with melted paraffin wax 
Much better results are, however, obtained if tubes or bottles 
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closed with screw caps are used- The methods used for obtaining 
cultures from sputum will be described later. 

/' Coagulated egg media arc the most useful for obtaining prima^ 
culture s. Egg medium may consist of eggs and water alone, the 
mixture being coagulated by heat, or may be modified by the 
additionofbroth. glycerol, or othersubstances. 


iy For later cultu res glycerol agar, glycerol 
^ broth, or glycerol potato may be used. While 


- cultures which, even in the case ol^ 


glycerol egg media, •'tubercle bacilli 
best aerobically at a temperatu re oL^ 
under anaerobic conditions the growth is 
always slight. *f^ olonies of the human type 
b acilli begin to ap pear m from Ip tb 14 days 
as minute greyish points. w/ 1 n_subculjur e m 
fronTO^^ -weeks, an extensive growth js 
generally obtained, which spreads over the 
greater portion of the surface of the me 
as Hull, dry, wrinkled, pr Nvartyjilni.. H 


plain egg med ium is used, tj^e colour is gr^ 
/-n Tniir Tuav 2? 


Fig 67 —Culture — touched With 

OF Tubercle ■. . ..-..-ciffcr- 

Bacillus (humam •* . * . • tave consider 

VAK.ETV) ( X J). ^ohesiveness. and an isolated faEtne"' “ 

difficult to break up in order to prepare a ffim^ 
when growth is started by A"™"® “ t “f 

on the surface, a the sides 

the broth •„ .Ltes and becomes 

of “the flask The pellicle increases in thickness anu 
“2!^led tsely resLbling the growth on sol.d medtam,^ The 
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otg anism grows in dis p ersed for m in, t he nicdium of Dubo s. 

S In all essentials the bovine varie^ ty resembles the human very 
closely. It is, however, inclined to be n*'hcr thicker and shorter 
and also to show less variations both in size and appearance / * 
It has been noticed that on suitable culture media the human 
variety prows freely. To this pecu - 
liarity the term “euconic" is 
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closed mih screw caps are used. The methods used for obtaining 
cultures from sputum will be described later, 
ci)/ Coagulated egg media are the most useful for obtaining primar y 
"Jcidturcs. Egg medium may consist of eggs and water aloii^e 
mixture being coagulated by heat, or may be modified bv the 
addition ofbroth, g lycerol, or othersubstances 
y For later cultu res glycerol agar, glycerol 
broth, or glycerol potato may be used. While 
^ the addition of^I ycerol greatly promotes the 


glycerol egg media. ^Tuhsrck bacilli gio^ 
best aerobically _at a temperature of Hh , 
under anaerobic conditions the growth is 

always slight. ^T^olonies of llw human OTe 

b acilli begin to app^r in from lOT6~14 da)* 
as minute g reyish Pomts. ^- Tn subcultur ein ^ 
f fom~3-to_4-.we eks an extensive growth is 
generally obtained, which spreads over the 
greater portion of the surface of the medium 

as a dull, dry, wrinkled, or warty 

1 . • . jc the colour is grey, 

■' • ii oTour mavje 

,• ^ . ■ touched with 

1 ' . ' lave consider' 

able cohesiven ess, and an isolated fragments 
difficult to break up in order to prepare a film. On glyH.roljroth, 
when growth is started by floating a thin piece of the culture fita 
on the surface, a nellicle form s,which.spreads over the surface ot 
the broth and for a li ttle.jvay above the surface on the sides- 
of'the flask. The pellicle increases in thickness and becomes 
wrinkled, closely resembling the growth on solid medium.^ Th« 



Fig. 67 — Culture 
OF Tubercle 
Baullus (human 
Variety) (xJ). 
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tuberculosis is fully considered in works on pathology it need not 

be detailed here. It is sufficient to recall the three types nf ^<*11? 

found in the tubercle — the epithelioid cell, the giant cell and theV 

lymphocvte. s^s th e .tub ercle increases m size, necrosis of the^ 
c entral portion occurs, owing partly to the absence of blood supply 
b ut chie fly to ^^poisonous products of the bacilli. This process 
is spoken of as caseatio n, and the'^heesy substance in the centre 
o f the tu bercle is called caseous material. Widely different patho- 
logical pictures resuTl from the action of tubercle bacilli on 
different parts of the body, but the primary ab normality, the 
— ,... 1 . .u. „ .. — «• --■■.yWh en the disease b ecomes 

■ • ided by fibrous tissii^and 

. ge-ihe-caseous mass may 
becom e calcified An addition tQJheJocal-rcsull of invasion by 
tubercle baciUi_(thc.productioi\j5f tuberclesl ^eneral eff ects are 
produced, especially pyrexia, sweating and wasting, as a result of 
the spreading by the circulation of some of the poisonous products 
of the bacilli These effects are often accentuated by secondary 
itHectidrCwith other organisms, which is very common in tuber- 
culosis, particularly of the long. 

Usually tubercle bacilli may be found in tuberculous lesions, 
but the number is largest in acute and rapidly spreading disease, 
while in chronic tuberculosis very few bacilli may be found.* ^hen 


moderately suscentihlg lo ihe human variety of baci11 i.vthe exact 
result of infection depending partly on th^virulence and number of 


_r°° JJAndbook of bacteriology 

Tubercle bacil li of alt vaneties s how considerahl^ rp>:ktflT^ 
unsuitable environments^ In the dry state they can survive 
exposure to 100’ for 20 minutes or more, but when moist a 
temperature of 60’ kills in less than that time. In dried spu tum 
t he bacilli may remain viable for weeks or even^onth s. TEey 
remain alive when exposed to O'" for several monthsi^ and still 
retain their pathogenic properties after an exposure to gastr ic 
juice for 6 hours . vTheir resistan^tq chemical agents, such as 
sodium hydrate or s ulphuric acid , is shown by the chief methods 
used to free them from other bacteria in order to obtain pure 






Fra 69 —Tubercle BAatu in Section 
OF Lung (x 950). 


! by exposure to direct 
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tuberculosis is fully considered in works on pathology it need not 
be detailed here. It is suflicienl to recall the throe tvnus nf CellX-^ 
found in the tubercl e— the epithelioid cel l, th e giant cell and thep^ 
lymphocyte. yAsjh e ^tu bercle jncrcases in size, necrosis of the^ 
central portion occurs, owing partly to the absence of blood supply 
b ut chiefly t o_the p oisonous products of the bacilli. This process 
is spoken of as caseatio n, and the'chcesy substance in the centre 
of the tuberc le is ca lled caseous material. Widely dilTerent patho- 
logical pictures result* from the action of tubercle bacilli on 
differer* ■* '■.•.••• • . * • - •‘-- 

tubercl'- 


retrogri . • • " ' , 

so wailed off,, and a t a still l atctustacc-the-caseous mass may 
become. calcified j^n addition toahcJocalj-csuluof invasion by 
tubercle baciluJthe4)rQduct!qn_pf tubercles) General effe cts are 
produced, especially pyrexia, sweating and wasting* as a result of 
the spreading by the circulation of some of the poisonous products 
of the bacilli /These effects are often accentuated by secondary 
in?ectron'with other organisms, which is very common in tuber- 
culosis, particularly of the Jung. 

Usually tubercle baciiu may be found m tuberculous lesions, 
but the number is largest in acute and rapidly spreading disease, 
while m chronic tuberculosis very few bacilli may be found.* yhen^ 


moderately suscenuMe to thg human variety r>F bacill i...the exact 
r_esult of infection deocndine oartlv on the' virulence and lumber of 



variety are rarely encountered, v^n the case of young children .'i ^ 
however, the condition is different, forjhese possess' but httlel - 


3yo 
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ln_theca se ot other artimak thg-bnvin p;^ yflrip t yj't mut^h thejnore 
virujcat. The rabbit, injected intravenously wit hj) 01 mg. of a 
culture of the bovine variety, dies in about a month with wde^ 
spread progressive tuberculosis. A similar injection of the human 
variety is usually not fatal and causes only slight lesions, chiefly 
in the Jungs and kidneys. Subcutaneous injection of the humao 
variety in (he rabb it fails to kill and produces a local lesion and 
small lesions in the lungs and kidneys; the bovine, on the other 
hand, causes death in 2 to 3 months with generalised tuberculosis. 
This difference between the (wo organisms in their pathogenicity 
for animals, particularly for the rabbit, is one of the characteristics 
which enable them to be distinguished. v'The cuinea»pig is sus- 
ceptible to the human variety, but distinctly more so to the bovine. 
When injected subcutaneously, death results in about 3 months 
with the bovine variety and rather later with the human. In both 
j cases there is to be found a loca l caseous lesion, involvement of 
’ the various groups of lymphatic glands draining the area, and 
usually of the spleen, liver, an^lungs. Inoculation of a guinea-pig 
is one of the methods used for isolating tubercle bacilli and also 
for their identification in suspected material. 

T Tie tubercle bacillus is a strictly pathogenic organism and, 
apart from laboratory cultures, appears to be incapable of acting 
as a saprophyte. Infection is, therefore, from case to case either 
directly or indirectly. /The bacilli in human disease are excreted 
chiefly from the respiratory, intestinal, and urinary tracts, especi- 
ally the first.-.^The bacilli may be earned directly from a case to 
a fresh victim in droplets of sputum or indirectly in, dust composed 
of dried sputum containing bacilli. / The prolonged vitality oHj ig 
haciHi in the dry conditio n and t he common habit of promis - 
«»yppcforation are the two chief factors, whi ch make tubgreu: 
losis the sco urg ft it is to-day . In the case of the human variety 
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the bacilli passing either from the bladder or intestine are much 
less commonly the cause of fresh cases. In the case of animals, in 
which infection may occur as a result of contamination of pastures, 
the intestinal route is of greater importance than it is in man. 


The chief agency hv which bovine tubercle bacilli a re conveyed to 
man is the railk-oLinfected cows., -In these animals tuberculosis 


of the udder is a fairly common condition, but even when the 
udder has no trace of the disease the bacilli from other parts of 
the body may be excreted in the milk. ‘/Under dirty conditions 
cow^s^milk contains a considerable amount of fmces and, when 



Fig. 70 — ^Tubercle Bacilu in Deposit 
FROM Urine (x 9W) 


tuberculosis of the intestine exists, the milk may contain a large 
number of the bacilli. The flesh of tuberculous animals can be 


responsible for only a small number of cases of tuberculosis in 
man m countries where raw meat is not a common article of diet. 
Further, it is rare for the flesh (».e. muscle) of animals to become 
tuberculous, even when the glands are extensively involved. 


i ngestion, o r bv t he skin. That inhalation is the commonest of 
these there can be little doubt, but as to the^ jxact method by 
which the bacilli reach the lung, the usual site of the d isease, there 
is still little agreement. In some cases they are carried in the ai r 
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to_the_deeper_parts_of_thej:espiratOQr__tract.'^Another method 

appears to be by penetration of the epithelialjinjpg of the up per 
/^ti_ofjhe^tract_ and th*^ce ,"by~th^*iTOpysfreaV. to the medi* 

a sti'na l gfands an d the lun g itself. **^hc jonsil s may be one of the 
most important portals, and as a result may show evidence of 
tuberculosis, or more commonly may be unaffected. Bacill^ 



/ Tubercuiosrs due to ingestion, which occurs most commonfyjn 
c hildren, m ay be due to the bovine type of bacillus . Themostcom- 
mon source: of these baci/Ii is the uncooked^milk of tuberculous 
cows, SjutUnfeclion may occur in butchers, veterinary surgeons, 
and others who handle infected material. This form ofjhe^Mse 
lends to remain localised in the skin and is very chronic . Mi^upus 
vulgaris is another type of tuberculous skin lesio n which occu rs 
most c o mmonly about the fa ce. The mode of infection in these 
cases IS uncertain. 

'^The widespread distribution of tuberculous lesions throughout 
the body in advanced cases can be explained only by the transf^ 
ence of the bacilli by the blood strea m^ but the claims of certain 
workers to have isolated tubercle bacilli from the blood m a large 
proportion of cases is not generally accepted 
Tubercle bacill i in th e bod y cause iniury o wing to thej aripui 
toxic substances produced b y their g rowth. d>Although filtrates o 
broth cultures may produce, on injection, toxic effects such as 
fever and an acute inflammatory reacti^, it is doubtful if the 
bacilU form any true extracellular toxin . " The tox in s produce d^^ 
j w hich there are p roba^ several di stinct v anelies. are^hrej 
| e_ndQto xins.' ^ead ti ■ ’ , * tj^l 

bod y, are caoabl e_f • . 

importance when animal inoculation js used lor tne locnuuv- i 
of living tubercle bacilli: unless the dose is large, caseation docs 
^ , . v . --.......sible for the 
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The problem of immunity in tuberculosis is one of great diffi- 
cuUy and complexity. T he disease tends to be a c hronic one ^d^ 
e ven in its most acute forms, is muc h more prolqnge^than the 
majority of bacterial diseases. Tubercle bacilli arc so prevalent 
that few adults who have lived in urban communities can have 
avoided all contact with them. Some of those exposed to infection 
escape completely and some develop progressive disease but, in 
t he majority, the organisms estab lish a foc us m the body wh ich*, 

1 ' ■ *e d, leav ing 

' ' tuberculin 

' detectable 

by X-ray examination. We have little evidence to show that cure 
is due_to specific antibacterial or antitoxic substances produced 
by the body in response to the stimulus of the bacilli. Rather, 
cure seems to depend on the general health and resistance of the 
body and to be promoted, to a great extent, by such general 
factors as nutrition and environment. In the hu maiLbodv.jlunng. 
t he disease, certain types of a ntibodies may bejo^ni— agglutinins, 
p iecipitins, opsonms £nd com^lTmeni fixing substances — but 
thevr exact significance cannot, as yet, be claimed to be thoroughly 
known. -^ Complement fixatio n, for example, may be strong in 
t hose showing no clmical trace of tuberculosis_and weak or absent 
in those m a very advanced stage of the disease.-^I n tuberculosis 
instead of the patient tolerating well considerable amounts of the 
products of growth of the tu bercle bacill us, as on^ would expect, 
there is developed a very g reat sensitivity t o them. So we find that 
a patient with tuberculosis may be rendcrea~Very gravely ill, or 
may even die, as a result of an injection of an amount of one of 
these products, Tubercul in, which would be almost without effect ^ 
on a healthy individual Hypersensitivity to this product can be 
more safely demonstrated by the various locaLtubercu lin rea ctions 
Considered later 

U IS very difficult to write dogmatirally about the relationship 
of hypersensitivity to tube rculin and i mmun ity ,m t uberculos is. 

It appears simplest to regard h voersensitivity and im munity as 
d eveloping quite independently of one_anmher, b ut both as the 
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rcsjjl^fan^octual i nfection with the tubercle bacill us. Infection 



Ifrom nor imnujne to.tuberculosisj^ person who gives a positive, 
tuberculin reactio n, howevcft^-Tnay.^jn the past, have developed 
sulllcicnl hnmunity to have overcome a now c^itinQt infection and 
this immunity may have per^sted or,*6n7hc other hand, he may 
be suffering from an actual infection, whether latent or actively 
progressive, v^crc is a considerable body of evidence which 
suggests that the person m ost lik ely to escape tuberculosis, despite 
frequent exposures to infection, is one .whose tuberculin reactio n 
is positiv e but in whose lungs X*ray examination fails to reveal 
the presence of a n active focu s. 

^T uberculin was the name given by Koch to a concentrated imd 
filtered glycerol broth culture of tubercle bacilli. This material, 
sometimes callccf tlld Tuhcrculin or T.. contai ns alljhejubstanccs 
of the culture m,cdium„tncluding thosc'Tormed from the medium 
by the bacteria, and the^'^isintepration products of the bacteri a 
t hemselve s.'^ Purified Protein Q e tLvative (P.P.P.) is pre ptHedJ roni ^ 
a culture of t he tubercle bacilf us^rdwn on a synthetic medium- 
It is a re latively pure prcparalToh of the active principlepftube gu- 
lin. Batches of tuberculin and of P.P.D. may show some variations 
in potency, and so, before being issued for use, every batch 
be 'st andard ised, v^he standard is a particular sampleof Old 
Tuberculin kept in one of the Standards Laboratories.t^Ajicw 
batch of tuberculin is standardised by comparing the reactions 
produced by the intfaHermal injection of various dilutions of it 
and of standard tuberculin m infected gumea-pigs. 

The amount of diluted tuberculin inoculated intraderraally m 
the Mnntoiix test is usually O-I ml., and differences in dosage are 
secured, not by varying the volume injected, but by using differen 
dilutions of tuberculin. So \ve may inject, in successive tests, 
ml. of 1 : 10,000, 0 1 ml. of 1 : 1,000 and 0 1 ml. of I : 100 OW 
Tuberculin or corresponding amounts of solutions of P.P.P- 
Confusion is very liable to arise as a result of the use of a variety 
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of methods denoting the strength o f the material injected. 
These include Tuberculin Units rr.n.) r mllligrams of Old Tuber- 
culin (T ) of milligrams of dry P.P.D. Since errors in dosag e may 
have very serious consequences, the following table of equivalents 
is given. When we use the " dilution method of expressio n, we 
should state the volume of this dilution injecte d, e.g 0 1 ml. of 
1 : 1000 tuberculin but, sinceO 1 ml. is almost universally the volume 
used, this is often omitted. When the dose is expressed in Tubercu- 
lin Units or in milligrams, it is of no importance whether the 
volume is 0 1 ml. or 0 2 ml., provided that the required number of 
units or weight of substance is contained in the volume injected. 


0 1 ml of 1 .10,000 tubercubn is equivalent to 
0 1 ml of 1:1,000 tuberculin IS equivaicnlto 
0*1 ml. of 1:100 tuberculin is equivalent to* 


u u I mg. 1 
000002 mg PPD 

lOTU 
0 I mg T 

0 0002 mg PPD 

lOOTU 

1 mg T. 

0 002 mg PPD 


Tuberculin was designed for the treatment of tuberculosis. It is 
not a cure for the disease, although its proper use may assist 
other therapeutic and, more important, hygienic measures, 
especialW m localised tuberculosis of kidneys, glands, bones, and 
Joints.'Thehypersensitivity of the tutwrculous patient to the.bacilli fyu 
or their produ cts may be shown by the^ractiojis which occur as a 

consequence o*’ ’^‘•ese 

may be either . ' '7 ' of 

the disease), o' ' ind 


general reactions would appear to be due to the action of the 
injected tuberculin on the tubercle s, in which there follo^ 
h yperemia, softening and liberation of poisonous substances into 
the circulation v^fhe original aim of tuberoulin therapeutics Was ) , 
to_provoke this focal reaction, for following it there is an active v 
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._ must, however, be kept quite slight, as othenvise (here may be 
caused an aciitc exaecrbation of the disease with rapid spread. 

Several diagnostic test s have, as their basis. Ihe sensitivity to 
tuberculin which develops in those infected with the tubercle 
bacillus. The original one svas performed by the subcutaneous 
injection of tuberculin, but this is too dangerous to use for man 
1 0 ml. of tuberculin injected into a new-born infant is practically 
without cficct.'^ut a much smaller amount (001 to 0 0001 ml) 

. in a tuberculous subject may cause very severe local, focal and 
general reactions. Tjic test now most commonly used in human 
beings is that of Mantou x, In which 0 1 ml. of a 1 : 10,000 dilution 
of tuberculin is injected i ntradermally. ^ln the positise , rednj ss 
and cedema develop within a few hours and reach a 'lnaximum 
next day. Vesication may occasionally occur. If there is no 
reaction the tcs_t_shQuld,be repeated, using 01 ml. of a 1 : 1000 
dilution and, if this is negative, Oi m).ofa i : 100 dilution. Other 
methods of testing a person for hypersensitivity to tuberculin are 
by ' r’libbinc into_rL _sm nll area of sk i n-an oi ntment.contaiplng 
tuberculin (Morojest) or by sticking to the skin a plaster incor- 
-porating tuberculin ( Volfmer patch test), ^f n cither case a re d 
rcactionjo f the skinJndicatesJiypcfscnsiUvity. 

The various tuberculin tests, as diagnostic methods, all suffer 
from the same disadvantagc-^ Iiey give positive result s not only 
in persons actually suffering t rom tuberculosis but also m 
who have formerly suficred from tuberculosis. The condition o 
hy pcrs^ en^idyit y_pers ists_tong-after the di sease has becorng ^cuiL 
A negative result, however, especially if given by the Mantout 
method with a 1 : 100 dilution, indicates with a high degree o 
probability that the person has never been infected by the 
bacillus The tests are, therefore, chiefly of value in childr en. The 
intradermal test is used in (esling cattle. Jf a mijch cow gives ^ 
negative result in a properly carried out test, it is almost certain 
that she is not suffering from tuberculosis. 

Neither dead vaccines of tubercle bacilli nor tuberculin g)' 
rise to immunity against tuberculosis. A living vaccine, consj^ 
of a strain of bovine tubercle bacilli (Bacille 
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B.C.G.) _depriv ed of vir ulence b v prolo nged culture on bile 
.medium , has been extensively employed m France, the ScandP 
navian countries and elsewhere, to *^rnduce activ e immunity ^ 
against the disea se. It is best injected i ntrad ermally in two ^r tfirTe 
situations. Local nodule s are produced which only r arely break U 
d.own_and_discharge T lyre is no general disse mination of the 
or ganism . B C.G. is of greatest value in protecting infants bornl 
to tuberculous mothers and such persons as nurses whose occupa- 1 
tion renders them especially liable to infection. As a result of| 
inoculation with B C.G the tuberculin reaction is converted from 
negative to positive and it is the general opinion of those best 
qualified to judge that this vac cine is of real value in the projihy- 
Iqxis-ofjuberculos^s. Since the bacilli must be alive when intr o- ; 
d^d_into^he _skm. a batch has a useful hfe_of only 10 days or_so ( 
after its preparatio n It ts.ppssible that the variety of tubercle ‘ 
bacilli isolated by Wells from voles {Myco. tuberculosis vari^, 
mjirls, Of Afveo, muris ) may ultimately replace B.C G. as a living} ^ 
vaccine since it is almost devoid of virulence for human bein gs.! 

Since the acid- and alcohol-fastness of the tubercle bacilluris 
the characteristic on which we chiefly rely for its identification, a 
consideration of the other bacteria with similar staining properties 
is necessary The most important of these acid-fast bacilli is 
Afyeo. lepra , which will be considered separately. There arc a 
number of other organisms of which ^fveo. phlei (Moeller’s gras s 
bacillus) and^ ^yco. butyn (the butter baci llus of Ra binowitsc h) 
rnay Be taken, as types. These bacilli resist decolonsation with 
acids, but are easily distinguished from the tubercle bacillus by 
their rapid growth, even at air temperature, on ordinary media 
They are practically non-pathogenic for animals, although a large 
injection may cause a slight local lesion Another acid-fast 
organism is^ Afyco. paraluberculoM S (Joh ne’s bacillu s) which is 
found in enormous numbers m the thickened niucous membrane 
of the small mte^ine of cattle suffering from chronic paratuber- 
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gcmtalsprbothscxc?. It is ralhershoUerthan the tubercle bacillus 
and is described as being acid-, but not alcohol-fast; not mndi 
reliance can be placed on these chaVacte'nstics, 'since differenl 
types vary greatly in these respects, and some resist decolorisetion 
with alcohol very strongly. 

The finding ofjLcidi and alcohol-fast baeiJh of typical shape rn 
material coming from the interior of the body — sputum, cerebro- 
spinal fluid or pus from an unopened cold abscess — is, for all 
practical purposes, conclusive evidence of tuberculosis. Fluids 
such as cerebro-spinal fluid, picumi fluid, or urine, should be 
centrifuged and films made from the deposit. In the case of 
cerehro-sninal flui d, films should also be prepared from the fine 
weh-likecl^ ot which forms as, in it, many of the tubercle bacilli pre- 
sent arc likely to be found, ^he nature of the cells present in the 

i I 


care is required in the microscopic exammanon ot unne. 
owing to the possibility of s megma bac illi being present. If. 
however, acid- and alcohol-fastbacilli of :ypical morphology are 
found in a catheter specimen of urine in which pusJsjjresent and 
■/no growth is obtained in 48 hours on culture, they are, almost 
j'certainly, tubercle bacilli, '^t is doubtful if it is ever correct to 
j report tubercle bacilli as present m fa:ces without animal 
(^inoculation, 

•Where any material is being examined directly for the presence 
Of tubercle bacilli, it should be borne m mind that it is pracltaUy 
impossible either to over*slain or over-decolorise in the JiebJ* 
Neelsen method. 

Since sputum is the material most frequently examined for tn« 
presence of tubercle bacilli, the various methods employed w 
be considered in some detail. Four methods are available; (h 
direct microscopic examination; (2) microscopic examination 
after concentration; (3) culture; (4) animal inoculation. 

For direct examination, smears are made from selected particle,, 
of purulent material. Care must be taken to d/stinguish these from 
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particles of food. The smears are stained by the Ziehl-Neelsen 
method. 

When direct smears fail to reveal tubercle bacilli, concentra tion ” 
is sometimes used, "^dd to some s putum in a test tube an equal 
volume of_0 2 per cent. NaOH,_shake, heat for 10 minutes at 
100'’, and centrifuge. Films arc prepared from the deposit. In 
staining these, the treatment with ca rbol fu chsia should be 
ap plied for _2Q minutes, as the alkali tends.to cause \veaK.staining. 
We have not found concentration methods superior to the direct 
examination of films prepared from selected portions of sputum. 

When microscopic examination fails, either culture or animal 
inoculation or, preferably, both may be attempted. 

Cu^re, if properly done, can be just as reliable as animal 
inoculation and may give a ji^sitiyejesult earlier Sputum should 
not be spread directly on media because the contaminants present 
in It grow rapidly and so destroy the cultures.^The contaminan ts 
must, therefore, be killed before cultures are made and, at the 
same time, ‘tubercle bacilli must be set free from the necrotic 
material.-^ Both these are accomplished by adding to some sputum 
in a sterile test tube an equal volume of 5 per cent KOH and I 
incubating at 37* for 45 minutes. The mucilagin ous su sp ension 
opined is spread by means of a Pasteur pipette on at least two 

’ • ' ’ — S per cen t. ^ 

. ^ • ; better is 

' ' ncdium is 

prevented by using slopes in tubes or bottles closed with screw i 
Caps, v^h c cultu res shmi M hft -examined on the third day for 
contamin ation.^lf the latter is heavy, the original sputum or a 
fresh specimen should be treated with an equal volume of 3 4 
per cent, fbv volume) HaSO^ in distilled water at 37° for half an ^ 
hour The mixture is then diluted with 10 volumes of sterile saline 
and centrifuged and the deposit spread on the media as before 
Alternatively, the H2SO4 treatment may be used at the outset 
instead of KOH*' Cultures should be examined at least once a 
week with a hand Jens (>«6). e colonies , which may be only 
pin-pomt in size, appear in from 2 to 4 weeks. Smears should be 
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made from suspected colonies, and these should be spread over 
the slope as soon as they arc seen. 

y/ Sputum intended for animal inoculation should be treated as 
is'/ for culture since, if injected without treatment, other bactena 
present may cause acute infection and death of the animal before 
tuberculosis has developed. Either method (KOH or HjSOJ may 
be used, and the mixture, after treatment, must be neutralised 
(with HaS 04 or KOH) to litmus or p henol red before injection. 
A total volume of 4 m l. may be injected i ntramus cularly into the 
thigh of a guinea-pig’s hind leg. Guinea-pigs used for this purpose 
should weigh 300 g. or more. 

In positive cases, the InguioaLlvmDhatic glands become palpable 
in about 3 we eks . The animal should be killed at the end of 6 
weeks, 

The post-mortem findings in a positive case are as follows' a 
l ocal 005*0005 or p uriil ent lesio n at the site ofinoculation: ^nlarg_e d 
superficial and deep inguinal glands on the affected side which 
may be as large as a cherry and may be solid or caseo us; the 
superficial inguinal glands on the opposite side may be 
the lymphatic glands at the bifurcation of the abdominal aorta, 
the preaortic glands at (he level of (he kidneys and the portal 
gland, above and behind the pylorus, may be enlarged and c\m 
caseous, ''V^ejpJeen, which normaUy measures 2x] cm, is 
enlarged , sometimes to as much as 8 x 5 cm., dar k red in colo y 
and shows a v ariable number of irregular, wh ite or crea m necrohc 
areas vary ing in size from 0-5 mm. to 2 cm.jn diameterrthe hyer, 
which is e nlarged and pa le, usually contaips only a few irregular 
cream or yellow areas of similar size, t he’lungs ma y be studde 
j w ith pinhead or larger irregular foci^cream in colour withi n 
( margins. . 

That the various lesions are tuberculous should be confirnie 
by smears stained by the Ziehl-Neelsen method. Errors mayans? 
from the existence m the animal of pseudo-tuberculQsis ,^jig^^^ 
caused hv n rymm-negative. hi nQlar-ba cillus, Pasteurella pseul ‘>' 
tuberculosi s^ 

The above methods of examination may be used for any other 
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material, such as pus, but unless there is gross contamination, 
treatment with 5 per cent. KOH need only be for 30 minutes at 37®. 
✓ Where sputum is not produced or where it is difficult to collect, 
results at least as good as those given by sputum may be obtained 
by culture or animal inoculation of the fluid obtained, on wakin g 
i n the morning, by gastric lavage . The fluid should be treated 
by the KOH method. 

Saprophytic acid-fast bacilli are frequently found on corks and, 
rubber bungs so that, if either of these are used for sputum con- 
tainers, they should be thoroughly washed and sterilised before 
use. Saprophytic acid-fast bacilli d o not cause lesio ns _m a 
guinea-pig r esembling those of tuberculosis and do not kill. 

While the^i nding of t^ihercle bacilli is the only certain method 
of making a d iagnosis Qt may sometimes fail even with the greatest 
care. Then the Patient's hypersensitivity to tuberculin^ may be 
tested, but it must be borne in mind that a positiye reaction may 
be due to a healed focus and that a negative result may be o&tain^ . 
in very advanced cases . 

The examination of the serum of a patient for antibodies to the 
t ubercle bacillus bv agglutination , precipitation or co mplement 
fixation methods is not of great diagnostic va lue. .positive result 
may be obtained in the apparently healthy and a negative one in 
persons suffering from advanced tuberculosis 

The only chemotherapeutic substance which is effective against 
the tubercle bacillus and at the same lime not excessively toxic is 
s treptomyci n Its most successful application is in the case of 
t uberculous meningitis in which it is ime cted into the cyebr o- 
s pinal space. By the use of this substance, a considerable number 
of patients have been cured of this hitherto invariably fatal disease. 
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Mycobacterium leprae 
Hansen, 1879 


Afyco. lepra is an organism which, in many respects, resembles 
the tubercle bacillus. It is of about the same size, but is inclined to 
be slightly more ^nder and is less frequently curved. Its ends 
are commonly pointed , but occasionally shght clubbing is 
observed. I t may stain uniformly , but beaded forms are of fre- 
quent occurrenc e. It stains with fair ease by any of the ordinary 
aniline dyes and is Gram positiv e. When stained like the tubercle 
bacillus, iffcsists strongly the dwolorismg effect of mineral acids 
and so the Ziehl-Neelsen method is commonly used for its 
demonstration Generally, although not invariably,'^? _mor£ 

...1 1...I •..i.-'.t ...... ...I .. ,t.. t-.-i- t »prosy 

lepra 
ularly 
' )f the 


anesthetic form of the ‘disea se ThejT have often been demon- 
strated in. the bloo d and m the internal^rgans, particularly the 
spleen, liver a nd kidn ey, and are almost universally present in tly 
nasal mucous membrane and nasal secretions of leper s. 

The present position with regard to the cultivation of the 
organism is most unsatisfactory. A large variety of cultural 
methods have been used and a considerable number of disliu^^ 
organisms have been cultivated from leprosy lesions. Each hos 
been claimed as being the leprosy bacillus, and while the evidence 
brought forward in support of the claims of some of these must 
be treated with respect,]hone has been definitely proved to be the 
causal organism of leprosy. 
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impairment of the general health. The leprosy bacillus is capable 
of pro’ducingj'ery marked local effects^but is only slightly tox ic." 

The results of animal experiments have been disappomling, 
since the m^ajority of animals appear to be very resistant to Myco. 
leprce, Successfiirinoculations, with ^theproductioiT of nodules 
containing acid-fast bacilli, have been recorded in certain mbnkejs 
and hamsters, but the lesions have never been progressive. The 
finding of acid-fast bacilli locally in animals inoculated with 
leprosy material must be received with caution, since so many 
lepers arc also tuberculou s. The small percentage of successful 
animal infections and the insignificant lesions produced when 
material containing true leprosy bacilli has been used, render 
difficult the identification of organisms found in cultures, 
/it must also be realised that many of the non-pathogenic, acid- 
fast bacilli, when injected in large numbers, may give rise to 
nodule production, the bacilli occurring in the nodule. 

As regards the s pread of the disea se, it is certain that its info- 
tjvity is very sligh t. Both intimate and prolonged contact are 
necessary for infection. The exact route is unknown, but the fact 
''that the nasal secretions commonly contain large nu mbers^f 
bacilli is suggestiv e. 

The finding of enormous numbers of acid-fast bacil li in a 
human lesion and the absence of effect when a guinea-pig is 
inoculated with such material is usually sufficient to establish the 
diagnosis. It should be noted that many oflth^ ulcers may be 
trophic and may contain no bacilli. 


CHAPTER XL 


Malleom)ces mallei {P/eifferella mallei) 

Lofiler, 1886 

Malleomvces mall ei. the_ causative organism of glanders, is a 
straight or slightly curved, round-ended bacillus, measuring from 
2[i to 5(1, by from 0 5fi to 0 7(i. In cultures both'Yong filaments 
(whi ch may be branch ed't and almost foccal forms arc to be seen. 
The bacillus is non*motile, has no_Mpsulc. and does__notJ'orm 
spores It slainsleebty with watery solutions of the basic aniline 
dyes, but more deeply if the s tain is alkaline fLoffler’s metbv Jene 
fellie) or contains a mordant fcarbol fuch sinl vOne of its chief 
characteristics is the irregularity with which different parts of the c 
bacillus take the stain. It is Gram negative and is not acid-fast ‘ 

Mall, mallei is aerobic and, under anaerobic conditions, growth 
IS very poor. It grows moderately well but rather slowly on 
ordinary media.v ^rowth is facilitated by the addition of glycerol ( j 
to the medium.s/On potato a slimy, yellow, transparent layer 
appears which resembles a smear of honey, later the colour 
darkens until in about a week it is reddish-brown or chocolate. 
Mall, mallei ferments glucose slowlv: *no other carbohydrate is 
affected It either does not liquefy gelatin or liquefies it ve ry 
slowly. Indole is not produced. 

The resistance of the organism to heat and antiseptics is not 
striking ca n, however, survive for I or 2 months in water , an 
important practical point m connection with horses’ drinking- 
troughs. 

Glanders is a disease essentially of the horse family to which (. 
many other animals, including man, are more or less susceptible 
The chief feature of the dis ease is the production, in tissues infected 
with the bacillus, of the c hara^tcristicfiodules which are composed C- 
of’^ucocytes (chiefly polymorphonuclear), epithelioid cells and 
405 ^ 
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c onnective tissu e. Pus is not usually produced, but t he centra^ 
cells generally degenerate and disintegrate and t h e nod ules 
become soft and break down, forming_u lcers.- In the more 
chronic nodule s the connective tissue development is exaggerated 
and the leucocytic invasion is less marked, bacilli are fairly 
'plentiful in the acute lesions, mostly extracellular, but a few lie 
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this is made use of in a diagnostic test for the disease in svhich a ^ 
p roduct known as mal lein, prepared in a manner almost identical 
Mth that 01 old tuberculin, is employed. f 

The microscopical characteristics of the bacillus in young lesions 
may be almost sufficient for diagnostic purposes b ut no bacilli 
may be found in old lesion s. If an unbroken nodule is available, 
direct culture should be attempted on glycerol ag ar, potato and ? 
serum, but, where other bacteria are present, one often fails to^ 
obtain a culture by plating. 

Intraperitoneal injection of a male guinea-pig is a valuable 
method both for diagnosis and for the isolation of the bacilli for 
. ^^hure, since they are commonly found in a pure condition in 
'/ tunica_ vaginalis of the testicle. Certain indirect methods of ' 

diagnosis are also available, the'^ most reliable of which are 
y ^glutmation and complement fixation, using the seru m of the 
' -S &ggteii animal . A simple and reliable test for the disease Th 
horses is the subcutaneous orTn tradermal injection of mallein .7 
y the course of the d ise ase hypersensitivity to mallein S 

dei^rtm _ ... „ <‘.11... 1.. .1.., I 

» ' ■ . . . . . 

§ • • 

of the reactions produced, it should not be employed for diagnosis 
in suspected cases of the disease in man. 

Melioidosis, a rarw tmpirnl resembling glanders and - 

affecting man, gumea-pig, rabbit, dog, cat and rat, is due to 
^^glleomyces pseudomallei {Pfc ifferella whum ori) This bacillus is 
motile , grows luxuriantly on agar, fermentsj actose, glucose and 
other carbohydrates, rapidly liquefies gelatin and does not produce 
indole 'Antigenically it is almost identical with Mall, mallei. 


CHAPTER XLl 


SPIROCHETES 


i oXniayJisama^ajgt-uijcuiocj:asejYUftaR£ugencra-containin2 
EiUli2£?iLLS-iCf£iss^ The classification and nomenclature of this 
order are full of difficullics. We propose to follow Bergey’s 
Manual in using Jorz-e/m . 7>c/><?»iew gand Leptosp ira as the names 
of the ^threcjtepcra. While it is quite wrong to apply to these 
organisms the generic name Spirochaia . there is no objection to 
calling them alt spirochietes. 

THE RELAPSING FEVERS *- 
In various parts of the world a type of fever, which is character- 
ised by the alternation of periods of pyrexia with periods in which 
the temperature is normal, is of fairly common occurrence ItL 
these fcv^ s.* ^spirQchgtes arc present Jn^the.blood stream during 
t he pyrexial period s. Although these spirochetes are all very 
similar in general appearances and effects, they are to be regarded 
as belonging to distinct species, -Ctc 

^■vyLi.'.aS. • 

, . w Borrella obermeicri {Treponema recurrentis) 

O' ^ Obermeier. 1873 

— •••»— 5,Ir i<‘nc»tti, varying from 

■■ . n the Jon g 

fijons. They acc fsidy regular and aen marxeu tm, tSarbgJ'!^ 
do not rigidly hold theLr^bape_the_ivhole organism bending a^ 
straigh tening itse lf 'it exhibite*1 hree forms of movemenH -3 
, progression in either direction,'^ rotating or corkscrew mop^^Jb 
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and^ternate bending and straightening. When a drop of infected 
bloo d is examined fresh the '^ra5ites_arc seen to move actively, 
pushing the blood cells from their jath. ‘ during the he ight of the 
fever th e number of spirochietes in the circulation may be enorrp- 
ous, several being visible in each microscopic field. The parasite 
stains faintly mth watery solutions of the aniline dyes, but much 

, ■ ■ ■ ascitic flu id 

‘ • the chono- 

a^lan^cjnwbrane of the developing chick embryo. 



Fig 72. — BorrtUa cbcrmcttn in Blcxjd 
Film 


In man , after a n in cubation penod.^ere is a rapid rise of 
temperature and a p yrextal period of from 5 to 7 days followed 
by cnsis . '^fter about a week another period of fever occurs which 
as^suddenly gives place to n or mal temperature -^In all, three or 
four paroxysms may occur, each being of less severity and shorter 
duration than the preceding. The mortality is low and the post- 
-mortem findings are not noteworthvt ^nlargement of the spleen ^ 
and. liver with "gastric catarrh being of most common occurrence 
s/The spirochste appears in the blood in cases of the human ' 
disease shortly before" thT tempera ture begins to rise, and the 
number increases until fever is at its height. They remam 
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nuincrous throughout the greater part of the period of pyrexia, 
, b_ux.<!!OTli_bc!orcJhc^cri^^ and "none can be 

fpunci until the beginning of the relapse. 

The nature j/^unity in this disease is of Interest'll 

Y**'-' - • . ~ 

> , . m the 


oy me 

finding that, although spiroch.xtcs can live for weeks in blood 
removed early In the pyrexial period, they arc quickly killed by 
blood taken at the time of crisis. Respite the presence of n^ti- 


have effected a change In scrolocical typ e. /Against them the 
patient develops nciv antiftoe^ s which cause a crisis and the 
’ ' . . - . . - This process i s 

Mhe spirocbgtes * 

■ Jn each cas^the 


. w . a later relapse 

{.trjiln. 

This variety of relapsing fever Is of most common occurrence 
in Europe. The organism is conveyed by the body lous e and, less 
frequently, by the bed bu c.^ nfccliOT mav_be caused by the feedin g 
of the insect, but more commonly*^y^rubbing into t he^voun^i^ e 
cnriomic fluid of th e crushed lo use, in which spirochstes are 
present in large numbers.^U .ac. 

Very similar spjrochmtcs have been found to be the cause of 
relapsing fevers in other countries — Borreha novyi in America, 
l^rrclia cartcri in In dia and Borrelia berbera in Algiers./These 
organisms present no marked peculiarities sufficient to distinguish 
them from Borreha obermcieri or from one another. 

African relapsing fever or Tick Fevef_ is caused by Bgrj eJjo 
iluttonsi. This disease is characterised by short penods of pyrexia 
(2 or 3 days), many relapses, and very low mortality. It is con- 
veyed by a tiej^ more usually by i ts^xcr ction^ than by biting, and 
the chief point of interest is that a tick may remain infective 
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periods of many months after a m e al from an infected hos t. Ti 


after a meal ,*!! IS probable t hat certain chromatin granules , q 

which have been descrit^d as makin^heir way through, the "■ 
tissues of the tick a nd-a ppearine within the ova , are a stage in ' 
the development of the organism . 

- The borreliffi of the relapsing fevers are pathogenic for monkeys, 
mice and rats, but there is no evidence that these animals suffer 
from naturally contracted infections. 

Until the introduction of penicillin, which is effective in the 
treatment of the majority of spirochxta! infections, salvarsan and 
Us derivatives were probably the most valuable drugs in the treat- 
ment of the relapsing fevers. 

SYPHILIS AND YAWS 

Treponema pallidum ^ 

Schaudinn and Hofmann, 1905 

v'O ' 

This organism, which is usually about g{i in length, may measured ^ 
from .3u to 18u, and is extremely slender, rarely exceeding 0 25u^ 
in thickness It is characterised by sharp, deep, regular spirals, 
the number of which depends on the length of the individual. r( 
T he size of each spiral is fairly constant, a distance of about 
s eparating the crest of one from that of the next, while the depth \ 
of the c urve is about l^./The parasite tapers_to eacl^end and ) 
terminatesm_a fine thread which is not usu'ally regarde'dara flagel- 
lum Until the introduction of the electron microsc ope, it was 
accepted that an important characteristic of genera of the order 
Spirochcetales was the absence of flagella In some p hotographs o f 
Trep pallidum obtained with this instrument, however, long, thi n 
processes , indistinguishable from flagella, are clearly visible 
These occur in tufts of two to fourJnoTat the end of thes piro- <J^ 
chate. but along its length _^Dimng life Trep pallidum is fair!^ 
TiU. .1 A .. 
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- a ctively mot ile, showing progression'^in either direction, ''rapid 
rotation around its long axis, Expansion and contraction of its 
spirals, and also'^light flexion of the whole body. 

It is alleged that this Treponema has been cultivated by 
) Noguchi’s techn ique under anaerobic conditio ns in 'Cjcmyolid 
, mixture of a g ar and hydrocele fluid con taining^a,piece.of.sterUe 
rabbit’s tissu e, either kidne y or testigle. There is considerable 
doubt as to whether the organisms cultivated in any of the very 
few successes which have been recorded were actually Trep 



The organism’s powers of resistance are very slight, drying or 
moderate heating (55°) being rapidly fatal, butcoIiUwsBt^ 

~ - , —I., ......I. amt diflicaltv (front wwm 

■ ■ ■ ■ t, the ordinary aniline 

' ' ' . " ' Giemsa, Fontana, 


Levaditi) or the Indian ink method may be used, but m the c ^ 
of fresh material the best results are obtained by examining 
living organism unstained On account o f its low rcfraelivi ly, ^ 
usual method of illumination docs not reveal j 

lighting, by the use of the dark field condenser, must be employ.. 

It'is unnecessary to describe here the many clinical manifed 
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tions of syphili s. The Treponema pallidum has been found in ^ 
every lesion characteristic of the diseas e. It occurs in greatest^ 
numbers in th^ primary lesion, the chanc re, and its identification ^ 
in that situation is the earliest and simplest method of diagnosing 
the disease. The treponemata may usually be found without diffi- 
culty i fi^secondary lesions, and Warthin has shown that in ^um- 
mata and other tertiary lesion s prolonged search may reveal 
large numbers 

The disease is most commonly acquired in sexual intercourse, 
but non-venereal infections also occur. “^ It is un likelv_that the 



Pio 74 — Treponema pallidum in Lymph 
Gland Wartiiin’s Stain (x 800) 

V— • '-J hrane, 

terial 

• The 

• • exua l 

intercourse by the use of soap and water, wth or without an 
antiseptic, shortly after connection, is undoubted. A most 
important type of innocent infection is that seen in congenital 
syphilis , the disease being acquired m ulero from an infected 
mother, very rarely, if ever, from the father in the absence of 
syphilis m the mother. 

The majority of animals are completely refractory to infection 
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by Trep. pallidum. A disease similar to human syphilis, but prc 


gressing to the secondary stage only, is produced in the chjmpar 
2 eeJ)y inoculation. Keratitis, iritis and orchitis may be produce 
in rabbits. 


,/ Sy philis is a chronic disease which is fatal only after the laps 
of a cons i derable time, usually many years, and then, as it were 

only by ao ‘ ' * * ' • * <* , • ‘:-i — 

or tissue. 

by the blot • , • , 

of place s ; 


but constitutional disturbances are very slight. It is probable tha( 
y syphilis is never a self-curing diseas e, but even ^nder natural 
conditions, and without treatment, the s yphiliti c may have period s 
of intermission when no signs or symptoms of the disease are 
nppBrent.v1 n _a Jo nger_or shorter time, however, the latent spiro* 
chtetes will again becomenctive_and produce definitely syphilitic 
lesions. 

T he problems of i mmuni ty, in^sypjiilis are full of difficulties 
^ The disease , as has" been said above, is not self-healing , thatii 
*^t he presence of spirochgtes in the human bod y doesjot lead. to 
the developmen t_of,antibodie s_ which are capable of destroying 
them . Nevertheless it is found^at ^ man suffering from syphilis 
cannotjipain be infected.with the disea se, or at }east _does_noi 
y develop a primary lesionybut the syphilitic who has been cured 

I may be again infected; indeed, a definite re-infection is ragged 

( as one of the strongest proofs of comp lete cure. 

The Wassermann and __ «.c*c do not 

become_p psitiy e^untiI_s or • of 

chancre; 'in the ^sence o ;er, and 

are’ ^osilive in p ractic ally every case of secondary syphilis and in_ 
the majority of tertiary cases. In a high proportion of lafc 
.y g yphitiiin ronditions of the central nervous system , they are^i* 
tive m the blood or in the cerebro-spinal fluid, or_in bo th. Th^y 


are positive in the case of the majority of chtfdren prese^llj^^ 

• • • ^ re. t^eniis- / j 


symptoms of congenital syphihs . As has been said before^ 
sions o.ccur in the disease, Md during these periods, when | 
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evidence of active syphilis may be detectable, the reactions may| _ 




observed before a true cure is claimed. patient in the primary 
or secondary sta ges who has received a full course of treatment 
and whose blood has given a negative reaction at intervals of 
3 months over a period of 2 years is almost certainly cured. In, 
old standing cas es, which h ave had no treatment or insufficient 
treatment, it may be impobiblc to reduce the rTa’ctTohrtolTcgative. 
We cannot be dogmatic as regards these persistently positive 
reactions, but it may be that such results do not, of necessity,, 
mean a continued presence,of_t he sp irochtetes u^thejiody. 

For the diagnosis of the disease, the best method is the discovery 
of the organism . If a chancre i s present, it should be well washed 
with saline to free it from contaminating organisms, and should 
then be vigorously rubbed with a piece of gauze. This operation 
IS rather painful, but less so than the scarification usually recom- 
mended. ^he effect is to promote a flow of serum which may at 
first be bloody but later becomes clear. In this serum the spiro - 
chsetes are usually present in considerable numbe rs. They are best 
looked for with the da rk fie ld condenser and are recognised by 
. their ejareme thinne ss, their sharp, deep, regular spirds_^nd their 


• HANDBOOK OF BACTERIOLOGY 

I" flic “SC of Rcnilal sores, other 
spTrocKctes may be seen, but these present little difficulty, as they 
arc, for the most p.irt, thicker with coarser and less regular curves 
than Treponema paUldum. In lesions about the mouth, hoaever, 
certain of the s aprophytic mouth sniroch.Tte s. which very ciosely 
resemble Treponema palliilmn, may cause great dilliculty in making 
a diagnosis. 

In the absence of a dark field condenser, the organisms maybe 
stained , preferably by Fontana’s me thotj. or preparations may 
be made by the Indian ink or nigrosi n methods. Examination m 
the living condition is, however, always better. Where tissue can 
be obtained for sections . Lcv'aditi’s or Warthln’s method of stain- 
ing. which arc too complicated to be described here, give the best 
results. 

I n the secondary stage, where material can be obtained from a 
»^ skln lesion, the organism may be searched for, but more usually 
the diagnosis is confirmed by one of the serolog ica l tests . Where 
a full oosiitve resu lt is obtained on more than one occasion, and 
where yass’s can be excluded , syphilis is almost certainly present. 


appearance of lesions and there is pood evidence that it is capauie, 
m some cases, of cfTecting a complete cure of the dise^e. The 
majority of gnntfnus \ 'gnereo?oglsts . however, still use penicillin 
in conjunction with the well tried drugs which have, as their active 
constituents, either ^enic or bismuth. 

Yaws or Frambnes ia is a non-venereal di sease occurring m 
certain tropical countries. It is due to infection svith 
pertenue, an organism almost identical with Trep. palhdum^ 
Despite many points of similanty, including the occurrence o a 
positive Wassermann reaction, the two diseases must be regarde 
as distinct since they W co-exist in the same_G££Sfln. 
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Leptospira icterohxmorrhagis 

Inado and Ido, 1914 ^ 

Leptospira icterohamorrhagia, the <^usative organism of Weil’s 
diseas e, measures 6u to 12u and is about 0-1 5u i n thickness. It is . 
so fine and its spirals are so small, regular and_closerset (0 5 |j. by 
0 Su) t hat, unless examined very carefully with high magnification, 
it may appear to consist of a chain oLgranules. I t also exhibi ts 
a coarse wavine ss Its greatest point of distinction from other 
spirochstes is that one or both ends are sharply curved, forming -j; 
terminal hooks In wet preparations it is seen to.K vhirl and spin - 
at great spee d. ^ 

Lepto. icterohamorrhagire can be cultivated m dilute rabbit 
serum (I part serum to 7 parts gbss ^stilled water). Since i t is 
microaerophilic rather than anaerobic , the surface of the medium 
should not be covered with oil The optimum temperature of 
growth IS from 25” to 30°. 



Fig 75 . — Leptospira icterohtemorrhagiee. 
(Eteciron microscope ) 


Weil’s disease, or epidemic jau n dice, has been observed in 
many parts of the world It is characterised by the occurrence 
<" ' •'■•into 

■ ' Jspite 

■ ■ ’ ' ;ases. 

MB— EE 
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charac teristic mo vements. In the case of genital sore s, other 
spirochetes may be seen, but these present little difficulty, as they 
are, for the most part, thicker with coarser and less regular cun'es 
than Treponema pallidum. In /esions about the mouth, hower, 
certain of the s aprophytic mouth spirochetes , which very closely 
resemble Treponema pallidum, may cause great difficulty in making 
a diagnosis. 

In the absence of a dark field condenser, the organisms may be 
stained , preferably by Fontana’s methorj . or preparations may 
be made by the Indian ink or nigrosin method s. Examination in 
the living condition is, however, always better. Where tissue can 
be obtained for sections . Lcvaditi’s or Warthin’s method of stain- 
ing, which are too complicated to be described here, give the best 
results. 

In the s^ondarv stage, where material can be obtained from a 
skin lesion, the organism may be searched for, but more usually 
the diagnosis is confirmed by one of the serological tests . When 
a full Positive resu lt is obtained on more than one occasion, and 
where yaws can be excluded , syphilis is almost certainly present 
A confirmatory test, not strictly bacteriological^ is the ragi d 
disappearance of skin lesions when one of rhe arsenical. com- 
pounds is admmist^cdT 

Treatment of syphilis with penicillin rapidly leads to a dis- 
appearance of lesions and there is good evidence that it is capable, 
in some cases, of effecting a complete cure of the dise^e.^ The 
majority of cautious venereologists , however, still use penkilbn 
in conjunction with the well tried drugs which have, as their active 
constituents, either l^senic or bismuth. 

Yaws or Framboes ia is a non-venereal dis ease occurring m 
certain tropical countries. It is due to infection with 
pertenue, an organism almost identical with Trep. palhdu^^ 
Despite many points of similarity, including the occurrence or 
positive Wassermann reaction, the two diseases must be regar e 
as distinct since they may co-exist in the sam e p.eiSPn 
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peutically. 

The chief source of infection of man is the rat, which acts as a J 
reservoir of the leptospirte, the organisms lodging in the kidn eys 
and being excreted in the urine. A high proportion of wild rats >. 
in all countries harbour the parasite. *iliiman infection may occur 
through eating food contaminated with rat urine, but an indirect 
method of spread is more common.* ^he leptospirs can surv ive 
in w ater for a considerable time* it is even possible that, underi 
suitable conditions, theylnay grow init .v /Human beings mavl 


miners, and those employed m clea ning fish and in preparing 
tripe . *^Cuts and abrasions of the skin probably facilitate the 
penetration of leptospirte into the tissues. Lepto. icierohamor- 
rhagia is not the only Leptospira found in water Lepto biffexa^ 
which differs from Lepto. icterohamorrhagia both antigenically 
and m being devoid of pathogenicity for man and animals, is 
commonly present in the*^ ilimc of fresh water ponds, lakes and 
rivers and is occasionally found about water taps. 

Another Leptospira, Lento, canicola, causes urtemia in dogs 
or may be excreted in the urine of healthy dogs which are ^ 
carriers. In man, the disease caused by this organism is simila r 
t o Weil’ s disease but is usually milde r and jaundice rarely 
occurs. v 

Diagnosis of the disease is usually made by the intraperitoneal 
inoculation of a guinea-pig with the pati ent’s blood in the first 
few days, or, later, with the centnfuged deposit of the patient’s 
urine . Since some human strains have little pathogenicity for ' 
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The mortality .varies^greatlymTh age end in different countries, 
the average being about 12 per cem. 

’ The parasites are present in the blood stream during the 
Todays of th e disease, but as the numhanis smnll , 
tion may fail to reveal their presence, which is most easily 
detected by animal inoculation or by direct culture. When the 
organism s can no longer be found in the blood, they may be 
presen t, often in considerable numbe rs, in the internal orga ns, 
particularly in th e liver , kidneys and adrenals. Later, they dis- 



FiQ 76 — Leptospira icterohamorrhogia iN Section of KioneV of an InfICIID 
Guinea-pio (X 1200). 

appear from the organs, but may continue to be excreted injh s 
urine for several weeks after convalescenc e. 

The guinea-pig m ay be infected with most strains as a result of 
either intraperitoneal inoculation* or scarification of the skm. 
The animal develops jaundice and death occurs in about 10 days * 
after-lnoculation. Hemorrhages are found subcutaneously and 
in the lungs and intestine, and the spleen is e nlarged. The organ- 
isms are numerous in the kidneys, adrenals, and liver. 

The nature of the immunity developed in man against the 
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having. c . 1 ‘ •. " *s 

bacillu s -3 . • ,* t 

are ^ery , _ . » 

number of loose, irregular spira ls. vThe practically constantT 
presence in large numbers of the two organisms in clinical Vin - 
cent’s angina is suggestive of their atiological importa nce; but 
exactly similar bacilli and spirocbxtcs may be found in many 
normal mouths, or in the neighbourhood of teeth which are 



Vincent’s Angina (x 950) 

canous or around which pvorrhcea alve olarl s is prese nt, but here 
they are rarely so numerous as in Vincent’s angina. 

Both the bacilli and the spirochaetcs have been ' Cultivated under , 
anaerobic conditions , and althpughjt Jias.been claimed that the 
y bacilli develop into the spirochstes, this has not been substanti-’ 
atcd. They are almost certainly distinct organisms which thrive! : 
symbiptically, ar[d_whfch^ofJhe_twoLif_either,_is Jo|^be|regarde^ 
as causat ive, or^wh«hcr the comb ination is responsible for th e] 

<« nc y>>t iinHertded A similar combination of the two 


1 
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animals, direct culture from the same materials should be 
attempted. 'Microscopic examination of the deposit from the 
urine with the dark field condenser is often sufficient, but care 
must be exercised since other spirochates may be present. The 
characteristic, hookpH ft nds_of the lentospjry. are, however, of 
great diagnostic importance. Serological methods of diagnosis 
are also available. The serum of a patient aneJatinstes Lcp iosp/ra 
...» *^1., iio — jnformol- 



• Titres of less than 1 : 400 are of doubtful significance. Analterna- 
Ttive method is the adhesion test in which,^fter the fresh unheated 
UenitiL of the patient has. been kept m conlact with cultures of the 
/ organism and of gac/ cofi at 37®Jbr 30 minutes, it is found that^ 
the bacilli are firmly adher ent to the leptospirae. 

Certain other species oCleptospira are pathogenic for human 
beings. Seven-day feve r of_Japan.is caused hy Lepto. hebdomadts 
and s^mp or mud fever of eastern Europe by Lepto. grippo- 
typhosa.'/iht^t leptospine are antigenically distinct from Lepto. 
icterohamorrhagiee and Lepto. bijlexa. 


^ OTHER SPIROCHvETES 

In Vincentls^angina, a condition of the t hroat. pharynx_o f 
m outh , in which a false.rnetnbraRC.wdlh ulceration occurs, as also 
in -acute ulcerative’gingivit is, a very characteristic microscopic 
picture is obtained by staining films made from the lesion wlb 
gentian violet or carboI-fuchsin.v/Large numbers of jusiform^ 
bacilli, tht'^Fusobacteriurn jflaufhvincenti (Fusifyrmis fusiformis), 
are seen associated with many tmxochxXe^y BorreUa \incef\ti i 
{Treponema yincenli).'^The tecilli, which measure from 
in length byjbout OJp jn the centre, taper sharply towards either 
end.' They are usually straight or slightly curve d They stain wi^ 
some difficulty and carbol.f uchsin gives the best results Most 
characteristically the stain is^noX taken uniformly, 
presenting a striped or beadf^ appearan ce, a very common foxta . 
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Rat-bite fever, caused by Spirillum minus, must be distinguished 
from a completely different disease, spread in the same way, the 
causative organism of which is Actinomyces wuris (Strepinbadilm 
normal parasite ab out the mouth in rats. 

Penicillin is effective in the treatment of both varieties of ra_t- 
bite fever. 
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M*^ny otlicr types of spirocbxtcs have been ■described, but the 
majority of tlicsc appear to be either normal sanronhy tes or to 
I mc but a low grade of virulenc e. Many of these are present 
about thc ’^nouth , particularly in the ne ighbourhood ,of decaying 
t ceth._ They also occur in gangrenou s conditio ns of othe r pans 
of the bod y.^ 

It is convenient to consider here Rat»bite Feve r, although the 
causative organism. Spirillum nmm is more correctly grouped 
with the spirill a, than with the spirochxtcs. This Spirillum, which 
is commonly present in rats in various parts of the world, measures 


'f ‘ 



Fio 78. — Stwociterts and otuer 
Bacterja FRO'f Tooth (Fontana Stain) 

(X 950) 

from 2ti to 5u by 0 5u . *{t is a ctively motil e owing to the presence 
of t ufts of flapclla flt hnih pn ds. It has two or three regu lar 
s pirals and is rigid jn motion . The disease is usually produced by 
the bite of a rat. v After some week s, the site of the wound , which 
may have healed, ” ' ’’ ’ ’ 

age glan^^ecomt 

remittentin type, and a purple skinj^ sh. ‘ me spiii iia 
m thcj?lood-and.are few_ in. numbers. The easiest method of 
diagnosis is to inject blood into a mouse, in the blood of which 
spirilla may be found after 10 days. 
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growth occurs along the track of the wire, and from this very 
delicate offshoots pass into the medium. On moist agar, the 
growth is in the form of a thin film which spreads rapidly over the 
surface. J gmolysis is produced in blood-agar. . Gelatin is lique- 
fied and there is some digestion of egg white. I ndole is produc ed. 
No sugar is fermente d. 

Snores form m from 24 to 48 hours at body temperature, but 
much more slowly at air temperature,''In the wet state, the spores 
withstand a temperature of 80® for several hours, bm are usually 
destroyed in less than a quarter of an hour by boiling. Like other 
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spores, they arc much more resistant against heat in the dry state. 
Kept dry, in the dark and in the cold, they have been found to be 
still viable after 18 years They resist antiseptics wel l, and may 
survive 10 hours’ exposure to 5 per cent phenol;*'! per cent, 
silver nitrate solution, however, kills them in one minute, and 


CHAPTER XLir 


TOXIN-PRODUCING CLOSTRIDIA 

Bergey s Manual Jists 61 species of the penus Clostridium wh ich 
consists of anaerobic, spore producing bac teria. We are concerned 
only with the small number of these which play a part in the 
causation of human disease. The two species considered in this 
chapter are separated from the others because t hey cause disea se 

, ' •’ *■ — A 1 pj.p. 


■ 

the local lesion tojhe centra l necvotis system . botutinum pto- 
duces its toxin not in the body at all, but in food which is subse- 
quently eaten. 


Clostridium tetani 
Nicolaier, 1884 

The tetanus bacillus measures from 2}i to Sfi m length by 0-3fi(o 

0 in thickness. It is a straight, round-ended bacillus which is 
most commonly found singly or in pairs, but long chains of bacilli 
occur in cultures It is sluggishly motile and has no capsules . 
Spores a re produced both m the bodies of animals and in culture. 
They are terminal and spherical or oval, measuring 

1 5ii. in diameter, and t he bacillus wltK its spor e resemb les 

a drum-stick in appeara nce. The bacillus stains readily and is 
Gram positive . y 

Cl tetani is*an obligatory anaerobe , "^ts optimum temperature 
of cultivation is that of the body, but growth goes on slowly at 
20^ In broth, a fine turbidity, vwth later a deposit at the bottom 
of the tube, is produced.*^Meat broth is unaltered, no digestion 
of the meat and no discoloration being detectable. In an agar stab, 
424 


TOXIN-PRODUCING CLOSTRIDIA 


425 

growth occurs along the track of the wire, and from this very 
delicate offshoots pass into the medium. On moist agar, the 
growth is in the form of a thin film which spreads rapidly over the 
surface. Jl smolysis is produced in blood-agar. , Gelatin is lique- 
fied and there is some digestion of egg white. I ndole is pro duced 
No sugar is fermente d. 

Spores form in from 24 to 48_hours a t.bo dv temperature, but 
much more slowly at air temperature.*'In the wet state, the spores 
withstand a temperature of 80® for several hours, ^ are usually 
destroyed in less than a quarter of an hour by boiling". Like other 
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spores, they are much more resistant against heat in the dry state. 
Kept dry, in the dark and in the cold, they have been found to be 
still viable after 18 years. They resist antiseptics wel l, and may 
survive 10 hours’ exposure^ 5 per cent phenol,*'! per cent 
silver ^nitrate solution, however, kills them in one minute, and 
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som^countriesjn jhe faces of ma n, ' ^he in testine is probably 
Its nor mal habitat, where it lives as a harmless saprophy te. 

Ths disea se which it produce^ , tetanus, occurs most frequently 
pf in man and in the horse , but the majority of mammals are sus* 
ceptible to artificial inoculation.'^In man the disease is usually 
the outcome of a wound, particularly of a jdeep stab or penetrating 
wound or one which is much lacerated and contused. vThepres- 
^e of,dirt,.of foreign bodies or of other bacteria, is almost to be 
considered as requisite for the production of tetanus. A number 
of cases of tetanus have been traced to the use of improperly 
prepared catgu t in operations. The type of the disease which 
formerly known as “ idiopathic ” was almost certainly due to a 
shghLMUind, not then regarded as having any connection with 
the disease, ^he period of incubation may be as short as a few 


days or may be months. ;^^he bacilli or their spores may he 


dormant m the tissue until some later injury, such as operativ e 
interference, creates an environment suitable for their develo p 
men t. The organism has been isolated from the site of an old 
wound more than 2 years after its infliction. An other form of the 
disease, that occurrir ’ • r . • » - *- *•— 

the umbilical cord .^" 
may be present in s 

presence of other bacleriay^' ' . .. t. 

bacilli and practically no in’ 
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previous or almost coincident administration of antitoxic se rum. ^ 
•>The shorter the period of incubation, the worse is the prognosis. 
p The post-mortem changes are very slight, some' congestion of the 
I internal organs and of the central nervous system, with a 'degenera - ^ 


local_spasms in the neighbourhood of the site of injection These 
soon become general and death occurs within a few days It is 
found that no matter how large a dose of toxin is given.'^n i ncuba - 
t ion perio d, at least 8 hours in the mouse, elapses before symp- p 
toms appear It is probable that this represents, m part at least, tjie 
time necessary for the toxin to t ravel along the nerves,. The 
inoculation of one of the smaller animals either with cultures of 
the bacillus or with soil or other material containing bacilli 
invariably causcs'^iypical tetanus to develop in the animal If, 
ho\\eveiT the spores are carefully freed from toxin by washing and 
injected suspended in saline, or if the toxin present in the culture 
is destroyed by heating to 80% the animal frequently escapes ‘'Ihg 
addition of other bacte ria, foxejgn bodi« swh a s a splinter of 
wood or ear^b, lactic acid, calcium chloride, quini ne, or of their 
own t oxin is sufficienUo cause the disease to appear. The explana- , , 
Ttion is that if ^pores are injected alone t hey lie dorm ant, ^ toji 
I much oxvf>en is present to p ermit the m t o vegetat e. / The tis- 
sue debilitants mentioned cause either lo cal necrosis or, atC., 
least, interfere with n ormal blood supply, so that the oxygen 
tension of the tissues isiowe red to a le vel which allows of develop- • ^ 
ment of the bacill i. Where spores are injected in one locality in 
an animal’s body and a tissue debiUtant in another, the bacilli m 

grow only at ' ' 

evtic cells ”... ■ • • 

thata_badly_ _ 

with dirt, IS a more likely precursor of tetanus than is a clean 
wound inflicted with a sharp instrumenlT 

A suitable broth and anaerobic conditions are necessary for 


the production of toxin in vitro. The maximum yield of toxin is 
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found at the end of from 7to_14.daysjncubation, although little 
growth occurs after 48 hours. ^The_ toxic broth is freed fr om 
baci^ by filtratjonjh rough a Berkefeld or ChamberlanH filTpr, 
and, after the addition of 0-5 per cent, ph enol, may be presen ed 
i n the dark at a low temperature and protected from oxy gen. The 
reverse of these conditions (the presence of oxygen, high tempera- 
ture and bright light) causes a rapid fall in the toxicity of the 
broth. A temperature of 65® completely destroys the toxin in less 
than 1 hour. » ^he toxin may be concentrated by precipita tion, the 
broth being .s aturated,withjmmon i_um sulphate and the precipi- 
t ate freed from the salt_bv_dialvsis. The dry solid obtained by 
evaporation in vacuo is not pure toxin, but it is very rich in toxin, 
and its strength is retained for long periods if kept dry and in the 
cold. Tetanus toxin is a most powerful poison, as small an amount 
as 0 00001 ml of the filtrate being sufficient to ki/1 a mouse. Jt 
‘ ■ 'j gram of dry toxi n 

ministered subcu- 
taneously, intramuscularly or intravenously. It is, however, 
without effect when given by the mouth, some being destroyed by 
gastric and intestinal secretions and by the action of intestinal 
bacteria and some being excreted unchanged with the faces. 

Antitoxic serum is prepared bv the immunisa ti on of horses in 
a manner similar to that used for the preparation of diphtheria 
antitoxin. The potenc y of a new batch of antitoxic serum is 
determined by comparing its capacity to nevtralise tetanus toxin 
with that of a standard serum. >^e amount of antitoxin present 
in a serum is expressed in units per ml. and the dose administered 
to a patient is stated in units, irrespective of the volume of serum. 

The great success of the serum treatment of diptheria led to 
corresponding hopes in connection with tetanus antitoxin, but 
these expectations were not realised when the serum was tested. 

yFo_r this there are many, explanations: 'Ihe^dis^.pr^ntsjp 

strikine local les’io’n which’allqws of its diagnosis before symptoms 
..oTmtbxication are oresent. ^he toxin has a grealer_affinity for 
feerve cells'than for its antitoxm ;*^e nerve cells are more suscept- 
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ible to damage than the sturdier muscle or gland cells attacked 
by diphtheria toxin; diphtheria toxin circulates m the blood where 
It can be acted upon by injected antitoxin, while tetanus toxin is re- 
moved from the circulation by the nerve end org ans, w hence it 
passes by way of the n erves t o the nerv e cells, and in this route it 
IS but slightl y exposed tc^antitoxic action.. Animal experiments" 
have shoNvn that, if the amount of antitoxin be found which is suf- 
ficient to protect against a given dose of toxin when the two are 
administered together, the antitoxin mustbecnormously increased 
when even a few minutes supervene between the administration of 
the toxin and the antitoxinf Xhe moral is that anti toxin, to be really 
successful, shou ld be given before symptoms appear, that is, that a 
prophylactic injection should be made in the case of every dirty 
wound, iust iLS_tO;day anti-diphtheria serum is given in every 
suspicious throat case The prophylactic dose should be 3000 units. 

In the case of s evere w ounds which are slow in healing, serum 
should be injected twice or thrice at weekly intervals ^Without 
serum the mortality from tetanus is 80 to 85 per cent , and although 
eyen with the free use of antitoxin declared tetanus is a very fatal 
disease, nevertheless serum should be given /On account of its 
slow rate of absorption, the subcutaneous or intramuscular routes 
are unsuitable, except to act as reservoirs to maintain the concen- 
tration of antitoxin in the body./ Every moment is of importance^ 
a nd lar ge_amounts of serum should be give n b oth mtrathwahyj 
ai^ intravenously. In all two hundred thousand units or even 
more may be administered and, although death frequently occurs 
despite this, the successes have been sufficiently numerous and, 
in a number of cases, striking to warrant the fullest use of anti- 
toxin, even m apparently hopeless cases. 

Soldiers and others whose occupation renders them specially^ 
liable to contract tetanus, may be actively unmuni^ed by ther 
i njection of tetanus toxoid ttoxin rendered non-toxic b y_thc ' 
action of formalin) o ri_two_oc casiQnS-6 w’eeks apart. |/To main- 
tam the amount of*^ ntitox in-in_thc_bloQd_at a sufficiently high 
l evel fabo ut 0 02 unit/ml ) to protect against the disease, a boost - 
ing dose of toxoid should be injected every year. During the war 
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of 1939-45, complete reliance w-as placed on this active immunisa- 
tion by the authorities of the American and Canadian armies and 
^antitoxin was not normally administered to the wounded. The 
■/incidence of tetanus was very low. In the United Kingdom forces 
during the same war yactive im munity was r^nforced by the 
injection of antitoxin in the casfe-of.aU.ievcrely_wounded men. 
The success of the prophylaxis of tetanus is shown by the fact 
that, during the 6 years of war, only 23 cases of tetanus occurred 
among the 239,052 wounded United Kingdom soldiers, an inci- 
dence of 0-1 per 1,000. A considerable proportion of the 23 had 
cither completely escaped inoculation with tetanus toxoid or had 
not been adequately inoculated. The incidence of 0 1 per 1,000 
compares favourably with that of 1-47 per 1,000 wounded, which 
was the experience of (he British armies on the Western Front 
in the war of 1914-18. 


I^gnosis of4hc dcclarcd-disease-is -usually a clinical matter, 
b ut the finding typiml rtmm.ctlflf hnrillt in .T AVTUind is sugges- 
tivo', although there are many other bacilli morphologically similar 
to Cl. tetani.^ The organism should be isolated in pure culture 
which will be facilitated if the material be heated to 80® for 10 


minutes to destroy non-sporing bacteria and tnoculale dJntQjhP 
condensation^vatecjQf,an_agar slope, ’^fter 24 hours incubation 
anaerobically a pure culture may frequently be obtained by picking 
from the filamentous edge of growth which may have spread a con- 
siderable distance up the agar surface. The identification is com- 
pletedlf the isolated organism causes tetanus in animals inoculated 
with it. Inoculati^ of animals with impure cultures is not always 
successful, as the' mher bacteria pr esent mav destroy tetanuU^^^^-. 
V Since t here are ten antigenic types of tetanus b acilli (all_of 
which produce the same to x in) a gglutination tests are of hUlc 
value for the identification of the organism. 

Clostridium botulinum rftc>tciu*>3 

Van Ermengem, 1896 ^ 


CL botulmum is a large, straight, rounded-ended, slightly 
motile bacillus, measuring from 4{i to 6p by 0 9^ to 1 2p, which is 
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found singly or, more rarely, in short chains. The bacillus stains 
readily and is Gram positiv e. vTt produces oval spores which are 
only slightly thicker than the bacilli and are situated at or near 
the e nds. 

The organism is strictly anaerobic , and grows fairly r’eadily on 
y ordinary media of neutral or s lightly alkaline reaction , the 
presence of glucose greatly assists growth. The optimum tempera- 
ture of cultivation is abou t 25“ . solid medium, the colonies,* 
are .y ellow, transluce nt ajul coarsely. granular, and later become*, 
more opaque and browmsh . On blood-agar^ it is hasmolvti c. In 
stab-cultures m gelatin or agar containing glucose, the medium 
is cracked and split by the evolution of ga s. G elatin is rap idly 
hquefie d. ’^ Gluco se and malto se are fermented ^h meat mediun r 
t here is some digestion and darkening of the meat. All culture s! 
have a ra ther unpleasant rancid odou r, due to the productionJC 
QU>hlYng agid 

The resistance of the spores to heating is variable . The majority ' 
of bacteriologists have found them less resistan t than those * 
of other sporing bacteria, being usually killed m 1 hour at 8S“ and 
rapidly at 100“.^Sorhe highly resistant spores have, however, been 
described which survived boiling for several hours and 120“ for 
20 minutes. This inconsistency may, in part at least, be due to 
the fact that acidity of the medium has a marked effect m lowering' ! 
the lethal temperature, as has also the presence of salt. S 

The natural habitat of the organism is not known with cer- t 
? tainty, but it is probable that it catnes on a saprophytic existence Vi 
f.' Qn_veeetable_matter in the soi l. • Its importance to roan is in its; ' 
occurrenc e in various art icles of diet in which it forms an active r < 
poison . The nature of the food is very varied, but practically all 
forms have one thing in common — they are preserve d.' ^he disease 
produced (botulis ml derives its name from some outbreaks due 
to eating sausages, but ham (usually eaten raw), unned meats, 
tinned fruit (apricots and peats), vegetables (asparagus, 
peas, beans and olives), fish and other foods have been 
incriminated, stvCk..A£i_- 

The bacillus itself does not appear to be pathogenic, and multi- ( 
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plies litt le, if at all, in the aHmentarv cana l. It can only rarely be 

isolated from the fa?ccs of victims, and only in one or tv^o 

l.-ie ;« 1 *«., j*,.,., ; j , , ,i 

> the production o< this toxin: a u-arm air temper^uie, absence 
“ of oxygen and suitable food mmcnal (nofnccwsarily animal) are 
• essentials, and these arc frequently to be found in large sausages, 
smoked hams and canned foods. '^^hcgrosvih of the bacilli usually 
;.produccs little or no change in the food, ssbich is never apparently 
"bad", although a slightly ra n cid odour ma y be d etect able. 

Botulism differs from the other forms of food-poisoning in that^ 
^^ knstro-intcstinal symptoms arc_vcr}' slight, ^ hc action of th e 
toxin is cliicfiy on the cranial nerve centres , and this is responsible 
for the most prominent symptoms , involvement of the eye muscles 
with protrusion orihc eyeballs, ptosis, loss of accommodation,^ 
dilated pupils, as ucll asjip)wnia and <iysphagl't. '.Dtstuthasces ^ 
of the flow of saliva, either dryness of the mouth orjalivtition, arc 
commonly present. Constipation and retention of urine are 
sometimes noted; fever is generally absent andjeonsdousnessjs ^ 
regained. usually appear tvlthin 24 hours of eating lljc 

Tood and*45c3th occurs 4 to 8.days latcr.v Pcath is due lojn yohg' 
^ment of the resjuratory or, more rarely, of the cardiac nene 
[ centres. » ^ie severity of (he symptoms depends on the amouni of 
food (and therefore iosin) consumed. This fact may explain the 
differences in the fatality rates in different outbreaks which 
average about 65 per cent. 

^ The toxin of C/. hotuU mtm is the most poisonous substance 
known A filtrate oY a broth culture may kdl a guinea-pig m a 
dose of 0 00000! ml. and it has been calculated that 
QO.e-huadred(h of a milligram of the dry toxin would kill a man 
The toxin is fairly resisi'ani to heat and inay withstand exposure 
to 80 ’ for some time. /( is. however, r apidiy destroyed jLl^°- 
fjtf torin of Cl hmuhnum differs from those of Cl. tcuim and 
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IS large a dose, nowever, being necessary to kill the animal when 
jiven in food as when injected subcutaneously. 

It should be appreciated that botulism is a poisoning and not -y- 
in infection . Botulism is classed as a bacterial food poisonin g 
merely because the poison is of bacterial ongin .yit is completely 
different from bacterial food poisoning due to one of the salmonel- 
IcE m which the organism usually multiplies and produces its 
;oxin within the body. 

f By the immunisation of animals it is possible to prepare an An, 
antitoxin which completely neutr alises the toxip. The antitoxin 
lias been used therapeutically in the disease m man in a few cases, 
but It is of doubtful value. *dt is conceivable, however, when a 
number of persons have partaken of the same food, and one o 
or more have developed symptoms of botuhsm^^hat the adminis^ ^ 
tration of the serum to those unaffected might have some proj 
tective action. 

At least five types (A to E) of Cl. botulmum have been distin- IVi 
guished These display minor differences in morphology and 
cultural characteristics and are antigenically distinct . /A much 


• i.n 

in ma n has occurred as a result of eating food m which Cl. ^ 
botulmum of Types A. B or E h ave grown. Types C and D pro- 
duce a variety of diseases in lower animals. 

Diagnos is is usually made on clinical grounds and, from the 
character of the disease, presents little difficulty. Bacteriologica l 
confirmation is not generally possible by the isolation of the faj 
organism from the body,*^ul cultures should be made from 
suspected food. Glucose broth and glucose gelatin are the med ia al - 1 
of choice, and, by he atmg to 60° tor half an hour, the food 
b e freed from the m aionty of non-sporing bacterm 

Erophylaxis is chiefly a matter of the hygienic preparation of 
foodstuffs. Since the toxin which is the cause of the disease is 
thermolabile^*the heating of any food, which may be suspected, tU 
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(o 100'^. for a few minutes immediately before use, will make it 
quite saFc.v < Anacrobic conditi ons are of course most perfect fe 
canned and bottled foods, and these should be rejected if they are 
not in perfect condition, as judged both by the eye and by the nose. 
While a large number of cases have been due to canned or bottled 
foods, it is right to point out that these have usually been home- 
prepared. v#Factory methods of sterilisation arc more accurately 
carried out than arc those of (he private house. S ince botulism is 
a very, rare CQnditiQ n,'tlic possibility of its occurrence should not 
rule out of the dietary useful foods, of which many millions par- 
take in safety for every one who sulTcrs from the disease. vdi 
however, there is the slightest suspicion of the food, it sh^ld not 
‘ be eaten. Death has resulted from eating half an olhe. 
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ANAEROBIC BACTERIA OF WOUNDS 

The five species of the genus Chsiridium tn be considered m 
this chapter are'^ ^most completely devoid of infectivity . They do 
not spread from person to person as does Salm. typlii or Strep 
pyof'enes.'^hty can multiply m the tissues of the body_only wh^*) 
they are implanted in an_a rea whi ch ha s 
mechanical damage and are there assisted to establish themselve s f 
by the presence of extraneous materia l. '■' These organisms are ,J 
ther efore, of importance m hum an p atholocv only because of th e 
s erious effects th ey_Dro d uc e in wound s and particularly in the 
extensive wounds inflicted in warfare. 

Identification of the pathogenic Clostridia is generally more 
difficult than is the case with the majority of the aerobic bacteria 
with which we have dealt. Apart from the inherent diflSculties of 
anaerobic culture, other difficulties arise from the occurrence of 
a typica l, pleomorphic forms, t he ten den cy of Clostridia to sy m- 
biosis, t he*^ similanty of the colonial forms of different species, the 
^variability in the fermentative capacity of the same species and, 
usually, t he antig eni c com plexity of the species. 

The Clostridia with which we are concerned have, as their main # 
habitat , t he soil and the intestines of man and animals. They can ; 
U probably multiply indefinitely in decaying vegetable matter in the ■ 
soil without th e necessity of assuming a jiarasitic existence in the 
intestines'^'ut m heavily manured soil, in which they are usually 
present m very large numbers, their main s ource is excreta. Theirl 
ability to produce spores enables them to survive absen ce of foodl 
and water for long period s. 

The species of C lostridium associated with wound s may, as a 
matter of convenience, be d ivided on biochemical grounds in to 
two groups — the saccharoivtic and the proteolytic. The species ■ 
in the first grou p. Cl. perfringens. Cl. septicum and Cl. novyi, are 
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ncti'vc fermenters of cnrbohydrntcs with little power of digesting 
proteins. In the second croun > Cl. hhtolytkum and Cl. sporo%em 
arc capable of breaking down proteins but have only slight 


Clostridium perfringens (Cl. wc/f/»'0 
Welch and Nuttal), 1892 

. . v' 

This organism is a large. G ram posit ive bacillus with 
c ut or slightly rounded e nds, hfost characteristically it mcssvies 
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from 4a 10 Six by 0 Sn to I 2,-r , but occasionally short, 
coccal. forms os tvcil .as lilamcnls, arc seen. It is usually fo™ 
smely, or in pairs: chains ore rare eocepi in old cultures. » ts 
t„ no flagella. ' Copiulesjire-P'^esent jn 

' only when 

• oval spores 

the tissues 
they are 
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not produced in media containing any carbohydrate fermented b' 
the bacillus. . 

Cl. perfringcns is a strict anaerobe, ‘'growth is not abundan 
except m the presence of glucose or other utilisable carbohydrate 
On blood-agar it produces round, smooth, even colo nies sur 
rounded by zones of hgmolysi& , i/la meat bro th there is some 
clouding, the meat becomes slightly pinkish m 
colou r, and gas is evolved abundantly. There 
IS no evidence of digestion and the odour is 
sour, owing to the production of butyric aci d, 
but not putrid.^A very characteristic change 
is produced in whole-milk cultures. There is 



Indole IS not produced The organism is very 
feebly, if at all, proteolytic, but is activelv v 
saccharolvtiC i- gl ucose, maltose, lactose. s^- ( 
charose and other carbohydra tes bein g fer- j 
mented w ith vigorous gas evolution. 

^ The Nagler reaction, which is strongly 
positive in the case of Cl perfringcns, particu- 
larly of Type A , is of considerable value in 
the identification of the organism. A few 
other Clostridia give a weakly positive reaction. 

The reaction m av be elicited by inoculating ' 

inactivate d human seruni*''or a clear solution of egg yolk with 
the organ ism and incub ating over night / The development of 
opalescence with the appearance of a fine, yellow curd, which 
tends to rise to the surface and is most marked in the egg yolk 
preparation, is a posi tive result. * ^he reactio n is d ue to lecithinase " 
produced by the organism acting on lecithin in the s e rum or egg^ 
yolk . For the reaction to occur, calcium and magnesium ions, 
Xuu, ^ ftt iCl*' 
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nust be present and, for this reaso n, serum must be used and not 
OT oxa^ated pbsinaA^The reaction may also be demons- 
rated by culturing the organism on a plate of agar containing 20 
)er cent, of human serum. Zones of opalescencesurro undingthe 
olonics indicate a positive resul t. t ^Antitoxi iTacTded to the tube 
^spread over halFthe ■ . • ' 

■ _■ t ( of 

esistancc and the organism dies fairly rapidly in cultures in 
which glucose or other fermentable sugar is present, both o wing 


p/G S2 — CV perfringens w Muscle 
(X 950) 

10 the absence of spores and to the acid produced, fhe spores are, 
r esistant and may wilhsland boilinR for a few mioule s. 

The bacillus is widely disiriboled in nature, being found in Hie 
soil in water, in roilk and in the (icccs of many species of antaab. 

. . .■ ■ ■ 


being the cause of the loxieniia which oceurs as a resull of acute 


anaerobic bacteria of wounds 43i 

intestinal obstruction, peritonitis and, occasionally, appendicitis 

Cl. pgr/hi/igg^B^_has hiahetimrasive powers than most of the othei 

Clostridia and'fnay, notjnfrequently, be isolated from the blooc 

during life. The most important demonstration of the pathogenic 

power of Cl. perfnngens will be dealt with later when gas gangrene 
is considered. 

Four types. A. B. C and D C! nerfrimens h ave been differ* 
entiated. Of these only one. Type A. is associated with disease in 
man. The others are responsible for a variety of diseases m lower 
animals. S even distinct. t Qjtins_are_Produ ced bv the four ty p es of 


and acts aUgcithipa ge. As compared with the toxins of Cl letani 
anTcTio/wTimmjTthe'toxm produced by Cl. perfnngens of Type A 
15 rather feeble, us M.L.D for the mouse being about 0 25 ml. 
Many strains of Type A also produce hyaluromdas e. 

Clostridium septlcum (Vibrion seplique) 

Pasteur and Joubert, 1877 

Cl. septlcum is a straight or slightly curved bacillus, measuring 
from 3u to 8u. by 0 4;^. to 0 8u . buf^very m uch longer form s are 
frequently seen, both m the tissue s and in culture. It is.found 
lying singly, m pairs or m chains, and occasionally in Jojig fila^ 
ments m which it is doubtful whether subdivisions into bacilli! 
are present./ ’It is,feebly motile. but under aerobic conditions is 
non-motlle No capsules arc produced. The organism stains 
easily and young forms are Gram positive, but in .older cultur es] 
It may be Gram negati ve. ■^ Oyal.spore5 ,.shghtly.thicker than th^ 
bacilli, are _produced and are situated either centrally or sub- 

foiinT^nr cultures, especially in a medium containing body fluids^ 
and with a mimmum of uiilisable carbohydrate. Two kind s of 1 
involution forms a re observed; the ^fst of these con sists of 
long filament s, which are most regularly found on the surface of 
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niust be present and, for this reaso n, serum must be used and not 
citrated or oxalalcd plasma.^The reaction may also be demons- 
traled by culturing the organism on a plate of agar containing 20 

per cent, of human — *- - " ’ 

c olonies indicate t 
or spread o\cr ha 
I ccithinasc and prt 

^ Th e vegetative ^ ^ ^ 

r«istarjcc and (he organism dies fairly rapidly in cultures in 
which glucose or other fermentable sugar is present, both ov-iag 



Fic. 82— r/. tvrfnn^eps ss Muscle 
(X 950). 

to the absence of spores .and to the acid produced, f he spores 
resistant and may ujthsland boihng for a few rmnute s. 

The baciHus is widciy drstnbuVed in nature, being found in the 
soil, in water, in milk and jn the of many species of animals- 
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Clostridium novji (C/. ademaliem) 

Novy, 1894, Weinberg and Sequin, 1918 
This bacillus, which measures from 3^ to 10^. by 0 8u to 1 Ou. 
resembles m appearance CL perfringens, but is usually rather 


longer It occurs singly or in pairs, but long chains may be present 
'yh„r,.„A ic'\ 


in cu' 
such 
form 

It IS 


the bacilli and.subterminal, are freely produced in culture, even 
m the presence of fermentable carbohydrate. young cultu res 
t he bacilli are Gram positive , but J ater fail to retain the stain. 

It IS one of the strictest of the anaerobes and care is required 
for its cultivation. I n glucose brot h a uniform turbidity is first 
produced, but m a short time the bacilli fall to the bottom of the 
tube, and l ater the culture becomes clear owing t o autolysis . - 
Glucose and maltose are feunented . with the production of acid 
and gas, but not lactose.OLsaccharos e. Meat broth is not dark- 
ened, but the meat may acquire a slightly pinkish colour and a 
few bubbles of gas may be evolved Gelatin is slowly liquefied. 
Indole is not produced. T he organism is hsmolvt ic The spore si ^ 
inay remain viable after 30 minutes* exposure to J 0 Q° in the! 
wet state. 


A characteristic feature of CL novyi is the production by it of a M 
' gelatinous cedema as a result of intra muscu lar inoculation of 
experimental animals. The toxin produced by this organism, 
which is considerably more powerful than those of Cl perfringens 
or Cl septicum, may have a M.L D for the mouse of 0 0002 ml. 


Clostridium histolyticum 
Weinberg and Sequin, 1918 

Cl. Iiistolylictini measures from 2|ji to 6 m. by 0_5u to 0 8u It is 
most commonly found as a straight or slightly curved, non- 
capsulated bacillus, singly, in pairs or, much less frequently, m 
short chains. I t is actively motil e. Spore^ are readily produced 
in cultures and are oval, wider than the bacilli and suh-terminnl ^ 
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■*'4 the liver and other abdominal organs when the peritoneal cavity 
^ has been invaded in animals experimentally itioculafed;'^a the 
gthjgr, known as the navicular or citron form^ t he bacilli are'^ rt. 
t hick in the centre an^tapering towards the ends, or almost ou t 
with bulged ends, the outline resembling closely that of the bed 
bug. In this form it is common to observe darker staining dots at 
one or both ends. The bacihus is a moderately strict anaerobe 
v/Growth m meat broth results in the meat turning pinkish in 
colour, without any blackening or signs of digestion. The odour 
IS sour owing to the production of butyric acid , and some |as may 



Fig, 83 — Cl sepneum fho-m Broth 
^LIVRE (x 850). 


be formed. In milk , a clot is produced and gas evolved, but Ite 
alterations are never so striking as in the “stormy fermentation 
of d. perfringem. Gelatin is liquefied. Glucose, lactose, and 
maltose are f ermented, but not . saccharo se. The organism is less 
actively saccharolytic than ct. perjrmgais and is not proleolylic - 
Indole IS not produced. The bacillus is actively hiemolyt ic. ihr 
spores ar«^ highly resistan t and can survive boiling for som^ 

time. , , f. 

Cl septicum has considerable invasive power s and has ire 
quentiy been . snl.ned from the blood stream . Its toxin is moder- 
ately powerful. Its M.UD. for the moose being about 0 005 ml. 
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restricted, glucpse and ^maltose being the chief carbohydrates 
fermented. 

/ Cl. sporosenes is widely distributed in natur e. It is one of the 


Its powers of resistance are s o hig h as to render it difficult to free 










Flo. 84 — Cl sporogenes TRCWt Broth 
Culture (x 950) 

media from it, since the ^pores may r esist boiling for I hour and 
even a temperature of lly in the autoclave for the same tim er* ^ 

Cl. sporogenes does not produce any toxin and its pathogenic 
powers are limited. Thanks to its powerful proteolytic enzym e'j ^ 
it IS able to digest dead tissue bu t, unli k e Cl. hislolylicum , is7 
without action on living tissu e. 

1 

Gas Gangrene 

The term gas gangrene has been used as the heading of this 
section, not because it is cither accurate or appropriate, but £, 
because it is the one still in common use to describe the most 
s erious condition, except tetanus, which can develop m a wound. 

Almost every extensive wound, apart from those delib^erately 
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i2_gos[to. Young bacilli are Gram posifiv e. older forms failini 
to retain the stain. 

Cl. histolyticiim grows fairly readily under anaerot^i c conditions 
and is actii"*V .„j r , . t • 

in the dep ' ■ . , • . ' , ■ 

frequentiy » ! . • : , 

qucntly di • 

l iquefied, i V' * . 

with the p ' . .. ... 

the organism may have a slight and slow action. All cultures have 
a foul and nauseating odour. 


-^he toxin produced b v Cl. histolyticii m is a feebl e one, but the 
a'^w< 


jd reanism produces a'^owerful oroteolvti c cnzyni ejvhich is almost 


ij [unique in its ability to digest living tissue. 


Clostridium sporogenes 
MctchnikofT, 1 90S 


Cl. sporogeiics usually measures from 3jx to by 0 5{4 to 0 
but occasionally l ong filament s occur. It is a motile organis m 
and docs not form capsules. It is found usually singly or in 
^ pairs, but some short chains may appear in cultures. It is Gram 
^ epositive but, like many of the anaerobic bacilli, old er organisms 

I , 'AT ■ ^ L .-u -..I. <*n0 


...Capable of prowfh in the presence of an amount of oxygen suilto- 
ent to inhibit the deveiopment of many of the other anaerobic 
bacteria. In meat brot h it grows rapidly and the meat is darkened 
or even blackened, especially if a pieceo f. iro n, be pres ent, and 
subsequently almost completely digested. Some £as is evolved, 
and the culture has a toul^_BUW&™«-£S2"''' I" <*>“ 

some coagulation with latcrdigestion. Gelatin, coagulated serum 
and egg white are all liquefied. Indoleisnotproduced. The organ- 
ism is .a eaivelv nroteoivt ie, burtts saccharolytic powers are 
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implanted m the wound develop into bacilli and these multiply, 
producing their toxins. * The characteristic features of gas gangren e 
are due much more to the local action of the toxins than tr» anv 
direct action of the organisms 

Gas gangrene may be produced by any one of the clostndta 
mentione'd, except Ci sporogenes, and jnost.conp nonl v by Cl. 
pcrfrmzeni , but commonly two or more species are involved. The 
t oxins of each have slightly different action s and ^ the patho- 
logical picture produced vanes somewhat from case to case, 
depending on the particular species present in each wound. 

Two condition s which were formerly grouped together as gas 
gangrene have been difl'erentiated and named * ^naerobic (or 
c lostridiali cellulitis andi maerobic (or clostridiaO myositis . Even 
these terms are not entirely satisfactory, as t he hvpertcmia and ce l- 
l ular reactions characteristic of inflammation are absen t. The 
term myonecrosis, which has been suggested as an alternative to 
myositis, IS a more apt one. Gas gangrene is inappropriate for 


gangrene , incie is usually miie or no gas . 

In anaerobic cellulitis , there is an extensive growth of the^ 
Clostridia in the depth of the wound and in the tissue spaces; gas, , 
often in considerable amount, is usually present in these spaces, 
but the muscles appear normal and remain contractile and there is 
little systemic disturban ce. Anaerobic cellulitis is a senous cond i- 
tion but its fatality rate is much lower than that of anaerobic 
myonecrosis. 

■ ■ " welling 

of ■ xffitnia, 


py " ;s At 

first they are dull, pale and vdematous Later their colour darkens 
to red or purple and they become non-conlractile and friable. The 
term gas gangren e, if it is to be used at all, should be reserved for 
this condition which should not be diagnosed unless t he muscl e 
fibres are dead This is the essential entenon and not the presence 
of gas or of any particular organism In fact, in myonecrosis, gas 
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inflicted by a surgeon with full aseptic technique, is contaminated 
a variety _o fj7acteria. notJ nffeguentl y inctu dfng cert^pf 
^_e Clostridia^ In the majority of cases, this bacterial contamina- 
tion, apart from somewhat delaying healing, is not a very serious 
matter, even when the bacteriological examination reveals the 
presence of Clostridia recognised as pathogenic for man. 


Clostridia are most likely to flourish and gas gangrene to occur 
in extensive wounds in which there has been^muchdestructior^of 
muscle , especially of the buttock and th igh, and-'tonsiderableloss 
of bloo d. Other circumstances favouring their development are— 


ot a compound tractur e:''t he presence in ttie womiu oi 
s oil or other foreign matter :*^delay in the surgical toilet of the 
wound Excessively conservative surgery. 

The ba cteri a responsi ble for gas g angre ne 

; . — . ._j I..., 

. ' espcci- 

. ne and, 

i although not primarily responsible, may pjaxfl.pl^ri in.enha_nciiy 
t he virulence of those more definitely path ogenic. Again it is 
"emphasised that any one or more of these organisms, with the 
possible exception of Cl. hisloh'ticum, may be found in a woun 
which is not ■ 7 

T he causat ■ ■ 

themselves in ^ s 

able bv' Sefective blood supply .'by the presence of aerobic baciena 
and by other factors which tend to lower thc.oxygejU^flf- 
Suitable nutrients are supplied by extrava sated blood an 
bit is probable that salTs_ of£ataiimiintLH^^ 

• ^ =”• ’ -» -* **•" ♦• me of wounding, fayo ucin^ 

. .. Vovided, the clostridial spores 



/SiCTINOMYCOSIS 

AO ^ 1877(*^c&t>tJL:a..SUi4,fc. ff,-. jf j 
*7 The name Actinomycosis is mven to a disease of animals 


(chiefly cattle) and ma n which is' ^haractensed^v the tor mati^' 
of granulation tissue-acco mp anied .by -Suppuration.- T he^chigf i 
feature of the process is the occu rre nce inihe.lesions of granule s | 
or colon ies__ofg.thc_causatiye>oreaDism._the ,y4crm omj'cc .y bovis 
or ray fun gus t^^ hese g ran ules, which are f reque ntly-yellow ish 
( sulphur granules). or, greyish in colour, may be easily visible 
to the naked eye or may be of microscopic dimensions When 
examined unstained with the microscope, it is possible to 
jnaVa «!.>; . ✓xfc. ««r»ion IS 

cw • ' * true 

^ ~ and 

appears to be composed of a rather granular protoplasm sur - 
r ounded by a delicate sheath . y I n older colonies the filame nts 
■ ’ ■ '^hese fragment were formerly 

' s almost certainly incorrect. 

' ■ are filaments which, as they - 

■ " ' • tc in swollen, homogeneous, 

pear-shaped bodies' the's’oj^callcd clubs. There has been consider- 
able controversy as to the nature of these clubs. Sornc.regard 


inoculated with Actinabacillus, various acid-fast bacteria and 
even inorganic substances. When stained, the filaments are 
found to be Gram positive , but the . clubs ^do not retain the stain. 
In young.colonies the clubs may be exceedingly delicate and be 
^ .threat ^ 
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_ is usually either absent or present in very small amount. Myone- 
crosis, unless promptly and energetically treated, is almost 
i nvarjablyjata l. The most successful treatment may reduce the 
fatality rate to about 30 per cent. 

■ ^ , ' ' , 1 ^ ■ erobi(^cellulitis but mo re 

may appear \vithin a few 
. ‘ ■ ■ spreads rapidly along th e 

muscle bundles invol^d unless it is checked by almost heroic 
surgery, local chemotherapy and the general administration of 
jintitoxic ser a, penicillin and suJphonamide. 

T ' ‘ ' ‘ "V'-lable against 

■ ■ ‘ . ^hc u’ound 

cle must be 

excised, every foreign body must be removed, every particle of 
soil must be washed out. Then, when the whole wound is open, 
clean and dry, the exposed tissues should be dusted with some 
bactericidal substance in the form of a fine powder. * ^Strong 
antiseptics should be avoi ded. The most valuable of the sub- 
stances tested have been p enicillin, sulphathiazole and profiavj ne 
m this order. Since some bacteria are acted upon by one and some 
by another of these, it is probably best to use .a mixture of sul* 
phathiazole and calcium penicillin (5000 units per gram.). Profla- 
vine may be added but not to the extent of more than 1 per cent, 
as. in higher concentrations , it may cause necr osis — under the 
circumstances just about the most unfortunate possible result of 
treatment. Penicillin should be adnvinisteretl m large doses 
systemically to kill the bacteria, and ^titoxm to neutralise th eir 
toxins. Powerful antitoxins have been prepared against the toxins 
of Cl perfringens. Cl septicum and CL novyi, and these should be 
ad ministered intravenou sly. An adequate d ose j gi^rophylagtic 
purposes is 9000 units of perfringens, 4500 units of septienm and 
3000 units of novyi antitoxin s. A mixture of the three antitoxins 
in these amounts was commonly used with good effect in the later 
stages of the war of 1939-45. 
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these media clubs are not produced, but if serum be added there is 
some swelling oF the ends of the filaments v^nother satisfactory 
medium is g lucos^b roth c ontai ning a/e^drops of fresh blood. 
This may be covered with a thin layer of oil. C olonies like puff - 
balls form at The bottom of the tube, ‘ ^he org anism grows best 
at body temperat ure and but little, if at all, at 20°. 

In cattlg the parasite affects chiefly the tongue (woody tongue) ^ 
and jaws, producing lesions in which the predominant feature is 
granulation tissue rather than suppuration. The nodules are com- 
posed chiefly of polymorphonuclear leucocytes, round cells, both 



Fic 86 — CoujNY OF Actinomyces bovis 
IN LivtR, (X 500) 


smaUandJarge, and plasma cells. There is a considerable pro- 
liferation of the surrounding connective tissue, and later the centre 
of the raass may^undergo softening, leading to the appearance of 
sinuses. The disease is vciy chronic and may become healed with 
subsequent calcification, or may^use death by direct spread 
Metastatic spread is rare and constitutional disturbances are 
slight, pointing to the abse nce of a ny considerable deg ree of 
to; -• ~ — 

■'the 

■/ a nd lung s are also attacked. A striking feature of the disease is 

KB — GO 
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djSQlmUa^er, but in older.colonies theyran be demonstrated 
either unstained or by. the counter-stain.in^Gram’s method. A 
better method of demonstrating clubs in sections is to stain with 
htematoxylin for 2 minutes, wash, stain with strong carhol fuchsin 
for 2 minutes, wash and decolorise with alcoholic picric acid 
for 1 minute. 

The first recorded culture was made by Bostrdm. This was of 
an aerobic organism which is probably a saprophyte Jiving on 
grains and grasses and, with them, occasionally introduced into 
the tissues by accident. 



Fig. S5 — Aclmom}Ccs both (X 200). 


Actinomyces hovis is a partial anaerobe ; that is. it grows bes t 
in the presence of a small amount of ai r. Cultures are made by_ 
mixing a washed and c rushed granule From an uncontaminated 
le^n wftff melted glucose ag ar, cooled to about 50°. After mix- 
ing, the inoculated medium js allowed to cool in tubes. After a 
few days’ incubation at 37° the colomes^ are visible as whitish* 
i rregular specks which nre most numerous and best d eveloped jny 
zone from 0 S to 1 ^ cm. f rom the surface of the medium- The 
colonies, which may ultimately grow to a diam_eter_of 2 to 3 m_ni-» 
are composed of radially arranged, branching filarn en.ts. •^n glu- 
cose broth irregular masses occur at the bottom of the tube. l£ 
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sup£lied.\vith clubs, a small Gram negative, aerobic bacillus has 
been isolated by Lignieres and Spitz. Pure cultures of this bacillus 
produce, in guinea-pigs and oxen inoculated with it, lesions 
similar to those of true actinomycosis m which typical granules 
with clubs were present. It is doubtful if this organism, to which 
the name Aciinobanllu^ /ipwer^.w has been given, ever causes 
disease in man. A very similar organism, Actinobacillus actwo - 
mycetemcomtans , js not_uncommQnly found in. .lesi ons ca used 
by Aciinomv ces bovis. I t is probably not itself pathogen ic 


T actinomycosis . which term oug ht, we be lieve , to be confin ed to 
jlesions in which d e finite gra nul es are p roduced.' 
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absence of involvement of Wmnh olan Hc The jesions are 
more suppurative than in cattle and c hronic abscesses wth d js- 
charging sinuses ar e produced. Death is not commonly caused, 
except by direct spread to vital organs or by the addition of 
another infection. 

The organism is probably a mouth saprop hyte which, ^en 
introduced i nto the tissue s as the result of an accident, has suffic i- 

gfjV 

anu anugenicity, the organism here described is broken up by 
some workers into two species — Actinomyces bovis which causes 
actomomycosis in cattle and Actinomyces isr^h which causes the 
same diseasejn-man. 



V Fkj. 87. — Streptothruc tN Pus (X 950) 

In tropical countries^ chronic type of Jnlla mmat ion, with 
suppuration and sinus formation, usually m the neighbourhood 
of the foot ( Madura fo ot), is of fkirly common occurrence. In the 
majority of the cases, in which yellow granu les are found, the 
causative organism i^_Acttnqmyccs modurce, which resembles 
Actinomyces bovis. ^No clubs are present in the granules . This 
organism is a strict aerobe . 

From the lesions of many cattle suffering from a disease 
resembling actinomycosis, with the occurrence of - granule s 
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suj)plied_with clubs, a small Gram negative, aerobic bacillus has 
been isolated by Lignieres and Spitz. Pure cultures of this bacillus 
produce, m guinea-pigs and oxen inoculated with it, lesions 
similar to those of true actinomycosis in which typical granules 
with clubs were present It is doubtful if this organism, to which 


the name ActmobanlhiM b>nifirpsi has been given, ever causes 
disease in man. A very similar organism, ActinobacUlus actmo -.. 
mycetemcomitans , is not u n commonly f ound in lesi ons cau sed 
by Actnwm\ 'cesJ)Ovt s It is probably not itself nathocen ic. 

I • • * • ■ ' 





CHAPTER XLV 


VIRUSES AND RICKETTSIA 

The possibility of the existence of organisms so small as to be 
invisible by ordinary microscopic methods was first suggested by 
Pasteur during the course of his classical investigations on rabies. 
Subsequent work showed that, in a variety of other communicable 
diseases, a causative organism was neither demonstrable by 
microscopic methods .nor capable _oEbeing cultivated on labora- 
tory media. In many of these conditions, however, ffu'a s foun d 
possible to transmit the disease to susceptible animals by the 
inoculation of filtrates of organs. Although it was suggested by 
some workers that the infcctivily.of these filtrates might be due to 
some property ,or the fluid, a JluUlum contasium, it has now been 
clearly shown to be due to very sm all, particulate, living agents. 
These agents arc known as viruses. 

Virtues differ from bacteria in two important respects: (I) they 
arc very much_jmallcr and (2) they_ cannot be cultivated on 
inanimate laboratory media. In many of their characteristics, 
however, they resemble bactcria^in theirlaSflity to multiply in 
the tissues of the host_andLto‘'^oducc disease therein, in their 
^fhode of transfer from host to host, in their 'Capacity to stimulate 
the production of antibodies and in ih«r susceptibility to varia- 
tion., Thus, whatever the ultimate biological st atus o fjhejjrus 
particle, virus diseases can, from the practical point of view, be 
considered as essentially similar (o diseases caused by bacterh 
and can be studied by essentially similar methods. 

The size s of so me of the more important viruses are shown in 
the accompanying table where they are compared with staphylo- 
cocci, rickettsial and serum albumin and globulin molecules As 
will be seen, there is a g radatio n.in size from cornparatis'cl)' 
large viruses of the psittacosis group to small viruses such as that 
' ~ 452 
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of poli omyelitis, the_sizc.oLivhich is_only slightly jireater than 
that of a protein molecule. i 

As a result of t heir small siz e, it is difiicult or, in some case/ L 
impossible, to sec viruses with the ordinary microscope. Using w 
direct illumination by visible light, the limit of resolution of the ' 
microscope is about 0 25^. Below this size, particles may be 
visible though their morphology cannot be determined. Theoretic- ^ 
ally the limit of visibility with direct illumination is about 0 07(i. / 
and with the dark ground micros^pe even less. Consequently.-^ 
dark ground illumination is widely used in the examination of 



Fig. 88 — Elementary Bodies of a 
Virus (Ectromeua), causing disease in 
Mice, as seen vmii dark ground 
ILLUMINATION (X 600) 

viruses: with it photographs have been taken of particles with a 
mean diameter of as little as 0 025n * By staining methods , which 
increase the apparent size of the particle through deposition of 
dye on its surface, viruses can frequently be rendered more 
readily visible. 

Particles of less than 0 25n m diameter can be resolved by the pi 
use of rays of shorter wave length than that of visible light, thus, 
in recent years, considerable information has been obtained by y 
the use of u ltra-violet light. “^Since ^ however, th e retina is not 
sensitive to the ultra-violet range, the image of the object must be 
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recorded photographically . The most important recent adn;c: 
in virus microscopy has been the introduction of the e lectro: 

mcnt has provided evidence ot the existence, in some viiu>vj.d 
orpanised structur e. Both ultra-violet and electron miaoscc?! 
have been of considerable value in determining the size ofAm^e. 
With the development of these modem methods, it is obwi 
that the term ultra*microscopic . formerly applied to viruses, eh'' 
be considered obsolete. 

A second consequence of the small size of viruses 
^ • r*. . • ,• fl factwlucil 


under which filtration takes place, the term filterable 
an indefinite one and unsuitable as a basis of classification- 

Since filtratior • . . ■ ■ 

the factofs.deter. 

through a. filter \ • . . ‘"‘si 

is ^he relati on _of^^e_diameter_of the particle to the £ o re 
thp filter. Ftltrafion however, influenced bv a number o 


,)• 


<. ) been shown that viruses are electrically charged ; the y . wij j^ 
lo'iiltws'which carry an oppose 


4* r fore, tend to be absorbed o,, it/ • 

charge.fi^^Durin g filtration tj^ey may also be adsorbed on. 
teins and particles present in the suspension. C^er import ^ 

e'^es 


^ors influencing the filtr^ion process are the'^essure ernp 
time taken and the^omposition of the fluid in sshic 
material is suspended. Collodion filters or 
which have much less pendency to adsorb viruses than earthe 
filters and which can be prepared in differpn^ pr;^Hgs QfP2£^J 
have been of special value in the determination 
>/ F^iltration by gradocol membranes is known as ultra-fin*]^ 


In addition to microscopy and ultra-filtration, the size 


“STvinis 




final stage to which this evolution or d evolution has 
progressed. 


It must be borne in mind that our failure to cultivate viruses on 
inanimate media may be a result of our ignorance of their 
nutritional requirements and of the optimal conditions of their 
growth. Another point to be remembered is that the final cri- 
terion of the presence of virus is the production of lesions m I 
susceptible animals; it is, therefore, possible that s aprophytic 
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Yxr^s exist which may be capable of growth in the absence of 
living cells. 

Like bacteria, viruses show considerable differences in their 

susceptibility to physical and chemical agents.Ms a rule, they are 

destroyed bv hea t at 55‘*-6Q'* for half an hour, ^hey are, on th e 
\vhole, l ess susceptible than bacteria, to chemical agenci es. This 
chemical resistance is most marked in relation to glycerol; many 
viruses can survive for long periods in 80 per cent, glycerol which 
is fatal to practically all non*sporing bacteria. In fact, man y 
v iruses survive better in glycerol at low temperatures than in an y 
o ther suspending fluid. The low susceptibility to glycerol js made 
use of m the preservation of vaccinia ,virus in calf lymph for 
prophylactic ^immunis ation a gainst_$ma(ipox. Some viruses, 
however, are less resisrant to glycerol than the majority of bacteria. 
Although a few of the larger viruses are susceptible to the action 
of the s uinhonamid es. the majority arc not. Several of thejaigfr 
viruses ^ (c.g. those of psittacosis and of l ymnhoeranuloma 
v enereumi are sensitive both to neniciHin and to Chloromycetin . 
I;.* In their mode of spread , diseases caused by viruses are essw- 
tially similar to those caused by bacteria. As in bacterial diseases, 
the source of infection may be human or animal cases, convalesc- 
ents or carriers. ^ 

Some virus disea ses, e.g herpes febrilis . appear to develop as 
the result of the activation of a latent virus present in the tissues 
of an otherwise healthy individual. In the case of herpes, this 
activation may be due to some ^uperimposed diseas e such as 
pneumonia. The presence of latent virus in experimental animals 
may give rise to considerable confusion in the interpretation of 
inoculation experiments. In some instances a virus latent in an 
animal has been aroused by inoculation and has been falsely 
regarded as the causative agent of disease in the individual from 
which the inoculated material was obtained. 

✓ Though viruses are capable of growth only m the presence of 
living cells, they are present m secretions and tissu e fluids iiLg 
viable, but non-multiplying, state. These fluids constitute, there- 
fore, a vehicle, as in the case of bacteria, whereby virus may he 
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transferred from one individual to another, ^he nasopharynx ;s 
t he commonest portal of entry. Infection may also occur’^ 
contact, as in herpes genitalis and^biahs, by ^vound contamina- 
tion. as in rabies, or through the i ntermediary of an insect vecto r, 
as in yellow fever. 

Manyvirusesshowaspecifiaty for one particular anim al s pecies , 
but others are canable of infecting a number of different species 


‘Certain human diseases are due to viruses primanlv causing 



through rabbits, loses most of its pathogenicity for man and 
for dog. _ “ 

Certain viruses appear to produce lesions mainly in one particu- 
lar tissue, this specific tissue affinity is callecftropism. some, su^ 
as thet^ies and poliomyelitis vjrus«7pnmarily affect nerve 
tissues, wHile others', ‘such as *ihe;^icella and herpes viruses, 
primarily affect the skin. On the other hand, some viruses, such 
as that o^xtenguCj cause a generalised infection and localisation 
is an insignificant feature of the disease. '^he tissue specificity of 
viruses is not absolute as, even though the lesions may occur 
predominantly m one particular tissue, the virus is frequently 
present in other tissues and specific symptoms are not infrequently 
associated with a general systemic disturbance. 

Some virus diseases show a degree of infeclivity much greater 
than that shown by the majority of bacterial diseases the high 
mfectivity of influenza, measles and variola is widely recognised, 
on the other hand, some vims diseases have only a low grade of 
mfectivity. ^ _ 

In many virus diseases , s tructures known as inclusion bodies -^' 

^ * • These structures, which 

I or in Ihe nucleus , fre- 
. ; )Dearance. Cytoplasmic 

^ jphil ic. •^rue inclusion 





* ^58 HANDBOOK OF BACTERIOLOGY 

bo(Ues appeaf to represent intracellular colonies of virus ; in some 
the virus particles may be seen In the substance of the inclusion 
A as minute bodies, usually of basophilic natu re. In many diseases, 
the virus particles or, as they arc called, the elementary bodies, 
may be distinguished lying free in the cell cytoplasm or i n tiss‘u e 
exudate s. The demonstration of typical inclusion bodies and 
elementary bodies plays a considerable part in the diagnosis of 
certain virus diseases. Considerable skill may be required, how- 
ever, to distinguish them from^^non-specific inclusions present in 


cclIsJiQt invaded by virii<; 

The essential chances produced hy the g rowt h of v i ruses in cel ls 
are of two .t ypes uTa) hyperplasia , as in variola or the common 
wart: (b) necrosis. _as in yellow fever and poliomyelitis. An 
» inflammatory reaction is found in many cases. In some conditions, 
. such as lymphogranuloma inguinale, the cells are predominantly 
polymorphonuclear leucocytes, in others they are predominantly 
lymphocytic in type. It is not clear whether these infl^matoiy 
changes are a direct result of the presence of virus or are produced 
secondarily in response to the primary J iypef pjgstic or necro tic 
e ffects of the virus on the tissue cells ,. 

^ As in the case of bacteria, antibodies can be dem^onstrated in 
■'the sera of animals suffering from experimental or natural virus 
infections. J^hese antibodies are similar in character to anti- 
bacterial antibodies and may be demonstrated in vitro by such 
techniques as agglutination, complement fixation and flocculation. 
It must be borne in mind that, as but few viruse s produce to^ns. 

[ the antibodies are directed mainly agains t.antigens pr esent in_th e 
[ virus . Bylneans of these antibodies, the antigenic structure of a 
number of viruses has been elucidated. Like bacterial antigens, 
virus antigens are frequently hjghly speci fic, but in some cases 


into a susceptible animal, no lesions are produced. %<Protection 
tests, based on this phenomenon, are widely used in the estimation 
of the antibody content of antiviralsera. In carrying out serological 
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tests with viruses, special precautions have to be taken to eliminate 
errors arising from non-specific reactions . Such errors are particu- 
larly liable to occuiHince it is not usually possible to obtain virus 
antigen suspensions free from non-specific materials derived from 
the tissue in which the virus has been grown. 

Antiviral antibody olavsan essential part in immunity dev eloped 
in man against virus infection. The immunity mechanisms are 
substantially the same as those which have been discussed m 
connection with antibacterial immunity. ^'^f n som e viru s, diseases — 
smallpox, poliomyelitis, chickenpox, measles, yellow fever and 
mumps — this immunity is of lasting type, one attack protecting 
for life.< - ^n others, however, o nlv. a transient degree of immunity 
i s produced Diseases of this latter type are herpes febnlis, 
influenza, common cold and trachoma and in these repeated 
attacks may occur. 

Active immunity in a number of virus diseases may be produced ~ 
b y the inoculation of virus vaccine s These vaccines may be '' 
suspensions of killed viru s as in the prophylaxis of rabie s, or of 
■ l iving vu-us as in the prophybxis of variola and yellow fever If, 
however, living virus is used, it is only suitable for inoculation in 
' attenuatedJ brm. Nowadays, in view of the simplicity of the 
-technique, vt/us vaccines are obtained, where possible, from 
growth in the chick embryo. Such vaccines should be administered 
with care to individuals showing sensitivity to eggs. An alternative 
method of preparing virus suspension for immunisation is by using 
.extracts of the tissues of infected animals; this is the method used 
in the various forms of rabies prophylaxis,_ 

In the diagnosis of virus diseases the laboratory can and 
undoubtedly will in the future play a very important part In 
some conditions it is possible to demonstrate virus by direct 
microscopic methods. In smallpox the^lementary_bodies can be 
found m scrapings of papules and vesicles and in trachoma typical 
. . 

which material from the lesion is tested agauTsT'immune sera. 
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Fio. 89 — ^Viruses and Bacteria 
A — Elementary Bodies of Vaccinia Virus 
from conjunctiva of rabbit; B— Staphylo- 
cocci and Bact. cob. Both A and B stained 
by Paschen’s Stain. Both x 1200. Each 
division on micrometer scale=l‘l^> 
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Thus, in cases of variola, extracts of crusts or vesicle fluid give 
'positive flocculation and complement fixation with immune anti- 
vaccinial sermn.'W^Ve possiblean attempt should be made to 
isolate the virus b^^ocuK'Uion into the chick ern^yo or into a 
susceptible animal. In either case the presence of virus may be 
inferred from'the development of characteristic lesions and in 
some cases the presence_of typical i nclusion bodies . i^ Influenza 
vij;u^ is of interest in that amnioticj?'r allantoic fluid of an infect^ 
egg will cause agglutination of red ce lls f rom a variety of animal 
species and this capacitjTmay be utilised in determining the 


TABLE OF SIZES 

Size in 

Staphylococcus 

1000 

Rickettsia 

300-1000 

/ Viruses 


•^Psittacosis 

350 

Variola and vaccinia 

250 

Herpes febnlis 

125 

Rabies 

125 

Influenza 

too 

Staphylococcus phage 

Equine encephafomyelilis . 
/Yellow Fever . 

.y Poliomyelitis . 

50 

30 

18 

10 

Molecules 


Serum globulin 

63 

Serum albumin 

56 


presence of v^us. In many cases, information of value may be 
obtained by estimation^of (he antibody cont ent of the p atient ’s 
serum; the most useful technique for this estimation appears to 
be that of the complement fixation test. 


Rabies 

Rabies or hydrophobia is a disease affecting practically all 
mammals, but occurring with greatest frequency in dogs and 
wolves. Infection is conveyed by the sali va of a-ra bld-ammal 
coming in contact with a cut or a brasion oflhe skiirpmost usually 
as the res ult of bitin g. 

In man there may be, after an incubation period of_from 15 
days tO'2-mdnths-(rarely-up to 7 months), a prodromal pain in 



handhook or hactiriology 
Ihc region of Ihc U'ouncI and considerable dcprcssion.'^lrcathine 
bccoi^s dilTicuIt and’bwallotting is.painfuUjQuing to c ooMiUiv e 
conUaciions.of ihc muscles of ihc Ihroat. This is frequently an 
outstanding symptom and the fcar.qLhringing on a spasm may 
be so intense that esen the thought of sssallowing anything, not 
merely water, may bring on an attack. It «as this that ga\c rise 



Tia 90.— NroRi Body in Nirve Ceu. (x 850). 

1. Nucleus or nerve cell. 

2. Negri body showing a roseiie-likc arrangement of its 

granules around a central structure 

3. Degenerated nucleus of nen'C cell. 

to the belief that the victim feared water, and hence the name 
hydrophobia. Spastns bceom£^gcncral in all parts of the body 
/nd all refic.xes arc/fnereased. .The t emperatu rejs elevated, the 
'' pulse rapid, and delirium is frequently present. Later, weakness 
comes on and, after a short,paraJytlc stage, death occurs, usually 
after from 3 to 7 days’ illness. 

The post-mortem evidence of the disease is not striking. There 
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They vary from 0 25(i.to^ Ojtin^liameter. They may be rcjund, 
[oval or irreguIaL.in*shape, dependine:oaItheiCpQ5ition.i n the 
•’nerve cell. T heir outUo e is sharp and definite. In general they are 
i'eosinophilic in staining reaction, but frequently basophilic 
/gra^Iesjnay.be seen in their inlenor. * ■" 

^/Tne virus i^ fo m lOO. toJS O mp t i n diamete r and is capable of 
passinglRfbugh a Berkefeld and the'coarser Chamberland filters. 

It can be grown m tissue cultures of einbryq_brain and also in the 
developing chick embryo. The virus is killed in 1 ho ur at 50° and 
m less than half an hour at 60°. Exposure to 5 per.cent..phenol,. 
kills It in less than an hour. Iljlicslin-a-few-da>Tas a result of 
drying. 

The virus affec ts chiefl y the centraLnervous system, but is also 
present la the salivary glands and so jn ihe.sali^ As has been 
proved m a number of cases, the'saUva.is.infective..several.days 
before the.appe^ancc of the firs t signs of the disease. In the 
natural disease m man7infection is almost ^waysTronTthe bite of 
a dog, wolf, or other rabid or pre-rabid animal. Only about 16 
per cent, of those bitten by such an animal and untreated acquire 
rabies. The incidence appears to depend chiefly on the seventy 
and depth of the bite, its locality and the amount of saliva which 
comes m contact with the wound. Bites on the face and hands are 
most dangerous, while those through clothing are least. The 
influence of locality, apart from such accidental circumstances as 
the amount of clothing encountered, depends chiefly on theaierve 
supply of the part. A regmn ricHy^endowed with nerves is the 


handbook of bacteriology 
niost favourabk J-oMhe.devetopo.ent of the disease, for the virus 
;|||«De.a„Bs.pa.esu.p.the^ 

ISeur discovered that the_viralenM,oLthe_virus could be 
modmed by passage through, a's-enes of animalsrTh'TvTfus 
found in the nervous system of the naTu1iii?:i3hcted dog of the 
Pans streets, usually known z/^SlreelVirus" , had an in'cnbatiou 
period when injected subdurally in rabbits of about 12 to 14 days. 
Alter pas^ge through a series of rabbits its incubation period iras 
reduced an d it c aused paresis bn the sixth dTsevchth day in 
ra Its, but-it.had tir e'tnost most of its pathog,enicityJor the dog 
and^alsQ^QCjiaa,, The virus, as a result'of passage, acquired 
strongI;^*eurotro pic^ prop erti cs and became non-pathogenic to 
the rabbit when inoculated subcutaneously. Further passage did 
^ not increase its vjrulcnce for rabbits, and so it was Jcno^vn as 
_K>nis Pasteur found that by^drying the sp inal cord.of a 
r abbit infe cted wit_h virus fixe he ap^renily could reduce still 
furthcr’the viruleAce oHu contained^virus. X spinal cord dried 
for 6 to 8 days^dTdf very slight virulence, while 14 days of drying 
completely depriv ed_it_of all its pathogenicity. As a result of his 
animal experiments, Pasteur \vas led to try to produce an artificial 
immunity in a boy bitten by a rabid dog. Hope was given by the 
fact that immunity could be produced rapidly in animals, \\hile 
in man, the natural disease had a long incubation period. If the 
immunising process was completed before the elapse of the period 
of m eubation, th e_disease would not appear. Pasteur’s first test 
was successful, and many years of brilliant successes with many 
thousands of lives saved have rendered testimony to the essential 
:orrectness of Pasteur’s theories. The process cannot be regarded 
IS therapeutic, but rather prophylactic;'active immunity must be 


In the original Pasteur method the patient received, daily nr 
vice daily, a .subcut aneous inoculatio n of a suspension, in saline, 
f about 1 -0 cm. dfacofd taken from a rabbit dying with v/rus/f^^ 
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infection. * For earlier injections, cords ^hich had been dried over 
caustic potash for 14 days were used and, in succeeding injections, 
cords dried for shorter times until, for the last injection, from 14 
to 21 days after the commencement of the course, a cord dned 
for only 1 day was employed. Pasteur believed that the drying 
process reduced the virulence of the virus Actually it appears to 
cause the death of virus, very little, if any, remaining alive after 
10 days’ drying. Although Pasteur’s original method ofinoculation 
IS still used in some institutes, other and more convenient methods 
are now available. Kil!ed~5rrus-appears, to.be as effective as is 
virus prepared by Pasteur’s method. Paralysis mayJ'oliow the use 
of either living or killed vaccine, b ut occu rs less frequently with 
the.latter. 

TV,™ ♦ -u.™- ujgJ 

t is, however, 

;cine m some 

institutes. 

As regards the prophylaxis of rabies, the most important step 
1 $ to abolish rabies m dogs. That this can be done by quarantining 
all imported dogs and enforcing muzzling, when the disease 
breaks out, is shown by the great success of these measures in 
keeping Great Britain and Ireland free of the disease for many 
years. Thorough cauterisation of biles, either with the actual 
cautery or with fuimng nitric acid, if applied within a short time, 
although even at the end of several hours it is not without effect, 
very greatly reduces the risk of contracting the disease All those 
bitten by proved rabid animals should be treated with anti- 
rabi«_ vaccine 

Diagnosis of the disease in dogs is of great importance as a 
means of deciding whether a human being, bitten by a suspected 
animal, should receive prophylactic treatment. If the dog has not 
developed paralysis, it should be kept alive until this occurs, as it 
invariably does in rabies, ^liiagnosis may be made by the finding 
of Negri bodies in the brain of a dog killed m llie paralytic stage. 
If the dog has been killed before paralysis occurs, portions of 
Ammon’s horn should be inoculated intraccrcbrally into mice 
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Some of the mice are killed at intervals and their brains are 
examined for Negri bodies. Others are allowed to survive and 
arc observed for signs of rabies. 

PoIioin}cli(is 

This is a discas^ of^childl^ood, bul adults are not entirely 
immune. It occurs chiefly in sporadic form, but from time to 
time epidemics, which may assume considerable proportions, 
occur. The onset of the disease is usually abrupt with pyrexia, 
frcquently_accompanicd_by sore throat. In a few days weakness 
of a group of muscles, usually in a limb, is observed and this may 
advanw to paralysis. The mortality is low but, as a result of the 
disease, a consldcrable^egrec of deformity is produced, owing to 
paralysis, although the extent of this, after recovery from the 
disease, is not so great as in the acute stage. AsJumenmgococcal 
memnghU, more persons harbour the virus without demonstrable 
evidence. of_poliomyclitis than actually develop the disease. 
Certain factors, and especially physical exertion, appear to pre* 
dispose to its development. 

The pathological change, which may be present in any part of 
the central nervous system but is of most frequent occurrence in 
the cervical and.lumbar^ecions .of.the cor d, is chiefly-an-acute 
innammation.wilh.hypera;mJa.and an exudation of mononuclear 
leucocytes into the perivascular lymphatic spaces. Thrombosis or 
rupture oLsmall^vesscls is.commonly^present. The changes are 
most markccUn the anterior commissure^^and in the anterior horns 
of grey matter. As a result, some of.the nerve cells die with 
subsequent .degeneration of the motor fibres. The meninges, 
posterior-ganglia and posterlor_coniua, while similarly__affected 
during. the a cute stage, undergo little permanent damage. In the 
cereb rO'-s pInaLiluid, a moderate number of polymorphonuclear 
leucocytes may be found at the onset, being later replaced by 
mononuclear cells. 

the virus, which is very minut e (8 to 12mii ), is capable ofpass- 
ng through Chamberland and ' BerJceleld filters. It is readily 
aile d by heatin g, a temperature of 4511o-55° destroying U in less 
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than half an hour, but it r ^sts dry ing and cold_\ve!l, and may 
survive for more than a month at -2®. It is easily killed by 
potassium permanganate and hydrogen peroxide. The virus is 
present, in greatest concentration, in the central nervous system. 


but has ah ' • " ic sali yary, gla nBs, 

the mucou __ _ . . [ , . a]iva, na sal^s ecre- 

tions, the • It has not been 


found in the cerebro-spinal fluid, and but rarely in the blood and 
soli d organs apart from the brain. 

The Virus, in material from the human body, is transmissible 
only to monkeys, notably Macacus rhesus. The virus has not been 
cultivated in the developing chick embryo. 

The discase i s spread by cases, b yjconyalescents.and.byjiealthy 
e arner s. ^There has been considerable dispute as to whether 
inf ection occurs by. th e restmator y or alime ntary route s. Experi- 
mentally u IS nd^ible to produce the disease m monkeys by 
swabbing the'ilasal and naso^aryngeal mucosa and cases have 
been described in which dropl« infwtion wa^he only likely 
method of transfer. On the othCT hand, the virus can more fre^ 
quently be recovered from the/^lim entar y than from the respira- 
tory tract. In its geographical ah’d seasonal distribution ^(rural 
rather than urban and summer and autumn rather than winter and 
spring) it more closely resembles enteric fever than cerebro-spinal 
fever, suggesting alimentary rather than respiratory spread. It is 
possible that both routes arc involved Although the virus has 
been found in flies, it is not clear that they play a part in the 
spread of the disease. The_vitusjppearaJto gaimacccss,to the 
central nervous system by“wa^nh5'cramal nerves and those of 
the sympathetic and para-sympathctic systems and not by the 
olfactory bulbs as was at QQCjiraebclttycd.' 

One' attack of the disease appears to give almost c omp lete 
immunity for life. Second attacks have very rarely been described. 
The serum oTa recovered case is capable of neutralisiDg.th{i.virus 
and convalKCcnt serum has been wdcly used during epidemics in 
an attempt to confer passive immunity. There is no evidence that 
this has been of any value. Attempts to produce active immunity 
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with kilied virus have been unsuccessful and the use of hvin 
virus, even after its virulence has been reduced, has prove 
dangerous. The most important prophylactic measure is th 
isolation of cases and contacts. 

Encephalitis 

There are a number of diseases of the cenira]_nerYous sysien. 
presenting" ' ’ ‘ ' *' " ’ ’ 'i are presuroei 

or have be ^ 

most famil *’ . No specifii 

virus has yet been proved to be the causative agent of this condi 
tion although a number of workers have claimed to have isolatec 
such a virus by the inoculation of rabbits. Such claims mmt be 
accepted with considerable reserve for two reasons. The first h 
that spontaneous encephalitis is by no means rare in rabbits. The 
^ second is that the virus of he roes febrilis. which causes encepha- 
litis in rabbits, has been foun d _in the cereb ro-spjnal fluid of 
normal_perso ns an(^niight,,therefore,J^.presentjnJIw,,fluid of 
per^ons-S Lifiejmg.ij ^m-Kn cephalitisJetbafg]ca.\vithQut having any 
ca usal gp nnecUorLwith-ihat.disease. 

Other vhu^es. ^hich are believed to be sggcific, have ^en 
isolated from cases of other types of enceph^itis including Jt, 
I.ouis and Jananese e ncephalitis. - Thp. virus of e quine cncephajo- 



als 

ch.' 

certain whether th 



primary disease or 

other VITUS, previQii slvJa tent in_tbe body . 


gi ■ 



as , 

suggest tuberculous meningitis. 


follow a short illness, iesgmL!ui.'p 
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fatal cases are rare The causative vinis. which is about SOmii in 

! . ■— > » I 


suggestive. 


Blood and cerebro-spi nal fluid should be used for 
' ‘ tration. by com- 
... ■ . .. . occasionally 


Herpes 

.I/;' 


from a case of herB£iJcbrjlis,,a_kcralitJS is produced and from 
this the disease may beAransferred again to man. In the rabbit 
also, the fluid, injected^subdurally, produce s meningo-^nceohaliti s 
pathologically similar to that fouod in human^enccpbalitis.. The 
same condition may result from-^rneal mocuration with a high ly 
virulent strain The causative virus is proba bly widely distributed 
thr ougho ut the bgdy.mjnan: inoculation of rabbits with the 
cerebro-spinal fluid of a huma n ca se produces typical lesions. 
y The virus can be cultivate^ iii^a tissue culture oLthe_celIs of 
rab^t testis and on the chorio-allantoic membrane of the develop- 
ing chick. The cultured vims gives rise to the same lesions m the 


i.-and the same 

-va-tU'*-. I 
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indn ^ual may sulTer fro m •‘cjwa^djmacks o£hcrpes although 
large amount o’f neutralising antibody, 
irrs probable that the virus rcma ins'in the body.bebsecn the 
I attacks and is ji^le to be stirred into activUy.by intercurrent 
infection. ' ' 

Her pes genitalis is ch ar actcr iscd_bv-lh&-occurrence~of vesicles 
on the penile amt yagir^l mueosa. It is usually contracted during 
sexual mter ^ urse. The virus of this type of herpes isjess.patho- 
gchic foTtKc rabbit than is that of herpes fcbrilis and appears to be 
a distinct, though similar, virus. 

^ disease affecting chiclly adults , is characterised 
by the occurrence of c rops of papules which-become^sicles on 
the trunk or, less commonly, the head. The. distribution of the 



and, in children, may produce that disease. 

Variola and Vaccinia 

V ariola or sm allpox occurs in two forms — the classical type, 
yariola maj or, and a rnild type, va riola mi nor_or.aIastrim. 
(infection in both types^usuaffy o'ceurs through the respiratory 
I routeJbyJhe.jnhalation of infective material. The material may 
be woplets fro mjhejcspiratory tracLof.a-patient.' ^ust con taining 
d ried drop lets or matter derivcdjjcni-tlie^kin lesions of a patient. 
Less frequently the infective material may be introduced into the 
body tr ough a wound of th e_skin. Somewhat similar diseases, 
known as animal poxes, occur in various species of animals. 

The viruses of the two forms of variola, of vaccinia and of some 
of the animal poxes are similar and arc closely related to one 
another, but are not identical. 

Variola virusjiwidely.distnbuted throughoutthe body in the 
disease: its pr^ence has been demonstrated .in thg.bloog[- In 
skin lesi ons.'^y toplasmic jnclusions, known as.GuarmerLbpdies, 
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may be found at some stage of the disease. These bodies, which 
are sp heiicaTi^s^pe _and.addophilic.in reaction, are compara- 
tively large. measuring_u njQ-JOu in.diameter. Although usually 
hornpg eneou s, they may^ ppear d i stinctly granular. I n addition 
to the r—'”'"”'* *_ ' ■ ' 

may be ^ 

vacatt ave aciudi.vanoia virus_paTt_icles. 

The virus can be grown in tissue cultu~r'e 'and on the chic jc— 
chorio-allantoic membrane. 

The close relationship, b etween the viruses of variola and vac- 
cinia IS demonstrated by the possibility of tr ansi'ormih 'gihe variola 
viruTinto a virus indistinguishable in its effects from the vaccinia 
virus and by the cross-immuni ty wh i ch ex i sts between theJ wo — 
di seases. -JBy passage through calves and rabbits, the virus of 
variola assumes the properties of the vaccinia virus and, when 
reinoculated into man, gives rise to vaccinia and not to vanola. 
Repeated man to man passage does not cause the virus to regain 
Us capacity to produce smallpox. Monkeys can be completely 
protected against vanola by inoculation with material containing 
vaccinia virus and, conversely, against vaccinia by inoculation 
with material containing variola virus There can be little doubt 
that both variola and vaccinia viruses were originally derived 
from the virus of vanola, from the virus of vaccinia or from a 


ainst variola can 

• ’ his inoculation is 

known "as vassioalion. The protective effect of vaccinia was 
demonstrated in lV^? by Jenner who observed that milkmaids, 
who had suffered from cowpox as a result of milking infected 
cows, were immune to smaUpux- He inoculated a boy with cow- 
pox material and later attempted to inoculate him with smallpox, 
but without effect. As a result of this and further experiments, 
he became convinced that an attack of one dise^e conferred 
immunity against thejjthcr. Yaccuwlion has been widely practised 
and is, by every competent observer, acknowledged to be one of 
the greatest advances in medical science. The immunity to small- 
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pox conferred by vaccination is not compkte for life, and re- 

^^inatioa f ' ' ' * '' ^ ^ 

years later, i • ' “ , " 

e^eedingly . ' 

vaccmtionirijnfancy appears to furnish some protection through- 
out life as,_in.such ..persoy^jflsmallpox-.d oes develop, it is of 
mdiXype andj'arely fatal. Formerly v accin ^ion_was frequently 
■donrwith'Tnafenal take n from the pustule of another child. To 
this arm-to-arm vaccination there were serious objections, and 


now ‘*cal f Ij ymph” is used. This is prepared by wide vaccination 
on theaMomlnal skin of a healthy calf, very stringent precautions 
as to cleanliness being taken. After 5 or 6 da ys the affected area is 
thoroughly wash ed, an y ciysts are removed and the vesicles arc 
f curetted off. The pulpy mass so obtained is ground jn 50 to 80 
4 ■■.i„;Aijr„,„.n'e"eeks. 

' " * . a present, 

y t..- - • • is passed 

bacteriological tests it islwiierJ for use. Recently *c«nes prepared 
from the v irus grown in a tis sueculture of chick embryo or on the 
chorio-allantoic membrane have been used for vaccination. It 
appears doubtful if the immunity produced is as effective as that 
« resulting from vaccination with calf lymph. 

Occasionally, * ‘‘ ''"’’’man 

adult who has beer 

4 encephalitis or encepnaio-mveiniv «..-j ... , caUQ.’ ^ 

rarely occurs after vaccination m the fir st ve ar_oflife. Its incidence 
has been estimated afrin’50,000 vaccinations. The fata lity rate is 
about 60 per cent. The cause of this post-vaccfna l.enc_ephalitins 
unknown, the chief theories being that it is due to vaccinia virus; 

• ’ — used; or 
■ ' ■ ■ jresentin 


I , , * . ■ • • dev elop^ 

as a result of vaccination. This conditio n', uhlcn is_»_grav^^e. 
has a fatality rate of 30 to 40 per cent. Such complications of 
vaccination as tetanus and sBp pucilig n can be completely avoidM 
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by proper precautions in the preparation of the calf lymph and by 
aseptic technique in vaccination. 

/ In countrie^^where vaccination is practised, the cli nical diag - 
nosis of sma llp ox mav be .very difficult, since such cases as occur 
are usually. mild and ^pical Considerable advances have, how- 
ever, been made m recent years in the l aboratory diagnosis of the 
disease. There is,_unfortunately, no laboratory method-which will 
give any informa tion of value in the initial febr ile st age, prior to 


FiQ 91 — ^Vaccinu Virus 
(Electron microscope) 

th^developm.ent of th e rash. When skin lesions have developed, 
s ^aping^ from these may be cxamined'rmcrdscopically for the 
presence of elementary bodie s. When pustulation occurs, these 
bodies become less numerous and may be confused with debris 
Itjs ^t po ssib le to ditTerentiate microscopically the elementary 
bodies^of variola "ahU'wccmia and since, in either disease, ele- 
mentary "bodies •may'be’ very few, failure to identify anY.. does n ot 
exclude a diagnosis of smallpox. Microscopic examination should 
be supplcmenTCa by an attempt to isolate and identify the virus. 
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This is best done by inoculat^ of infected material on the chick 
' ' ‘ ' . '.,.1 ’ vh/ch are 

■ ■ ' ' _ ' ' • . . . • ' vaccinia 

. • , • ; jculatio n 

or maferTM obtained from papules, vesicles, pustules or crusts 
Paul s test , in which the cornea of a rabbit is scarified with a 
scalpel which has been used to scrape variolous skin lesions, is an 
alternative but less satisfactory method of isolat ion. Diagnosis is 
made by histological demonstration of Guarnjeri bodies in the 
excised cornea.y Precipitation and complement fixation tests in 
which crusts”^ the contents of vesicles and pustules are tested 
with antivaccinial serum arc of value;these tests will not, of course, 
distinguish between variola and vaccinia. 

The patient’s serum may be examined for antibody against a 
vaccinia antigen prepared from lesions produced in rabbits or a 
variola antigen prepared from smallpox crusts. The complement 
fixation technique is usually employed. These tests are not 
gMeraiiy ot value until a fter the first week of the dise ase. Indh 
viduals who have been vaccinated within a few months prior to 
the test also give a positive result. 

Varicella 

Epidemiological and immunological evidence indicat^a close 
similarity between the virus of herpes zoster and that of varicella. 
The varicella virus has not, however, been grown outside the body 
either in tissue culture or in chick embryo. It is present in flui d 
t aken from vesicl es.-^Acidophilic intranuclear inclusion bodies are 
present in affected epithelial cells. It is generally accepted that the 
human being is the only species capable of being infected with 
varicella.v^he serum of a patient agglutinates a formolised sus- 
pension of elementary bodies obtained from vesicular fluid. 

Yellow Fever 

This IS a disease, generally with a high fatality rate, formerly 
common in endemic and epidemic form in tropical and sub- 
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tropical parts of America and Africa. The outstanding features of 
the disease are high teinperature, great prostration, vomiting, 
hamorrhages and j aund ice. Infection is conveyed from man to 
man by mosamt^sT^^rtlcularty A edes (tsyp H (orscntem). 
formerly known as St egomyiaf ^iata. Infection is only possible 
if the insect has fed from a patient in the first three days of the 
disease, but the insect does not become infective to another 



Flo 92 —Yellow Fever Inclusion Body^(Human Lwer) (x 1000). 

1. Peripheral masses of chromatin 

2. Irregular granular ring-form of Inclvtsion Body surrounding 

a central mass of chromatin 

individual for at least 4 days, and not for a much longer time if air 
temperature is low/infection may be conveyed directly from man 
to man by contact with the blood or serum of a patient. 

When the mode of transfer of the disease from man to man by 
Aedes ffsypu was discovered, it ivas hoped that the disease would 
be rapidly stamped out bycontrolof the mosquito. This measure 
has^been_very elfcclive in dealing viith the form of the disease i 
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carried by Aedes cegypti. Another variety of yellow fever, appar- 
ently carried by some other species of mosquito, is still widely 
distributed in Central and South America and Central Africa. In 
this variety, which is known as jungle yellow fever, th_^ virus is 
present in th e blood of animals of various s pecies-iiTh^nimak 
which are little affected by the presence of the virus in their blood, 
constitute the reservoir of infection. The virus is transferred from 
animal to animal, and occasionally to man, by mosquitoes. 

Investigation of the disease was hampered by the fact that the 
majority of laboratory animals are insusceptible but, in Lagos in 
1927, it was discovered by Stokes and other members of a Rocke- 
feller Commission that a monkey, Macacus rhesus, could be 
infected. The virus was carried through many monkeys, either by 
direct passage or through the intermediary of the mosquito. 
Later mice and guinea-p igs were found to be susceptible to 
infection by i ntracerebral inocu lation. 

The virus becomes neurotrop ic_a nd loses i t s visce rotropic 
character when passage d throu gh a series of mice intracerebraljy. 
It has then lost much of its virulence f or m_a n, and a suspension of 
It, grown in the chick embryo , is now widely used in the livin g 
c ondit ion Tor^ctive immunisation p X huma n being s. A dead 
vaccine has no protective value. Pas sive im munity, can b^pr o- _ 
jdu^ d by convalescenfserurnwhlciils actively antiviral. 

Since^he 'serunTof a pers^ who'has recovered from yellow 
fever continues to contain antivira l bodies fo r yeajs, the extent 
to which the disease is m ^vas formerly prevalent in a community 
may be ascertained bywsjing th^crajof_ajiumber of persons for 
antiviral properties.*^his is done by the injection of a mouse with 
serum and mouse-brain virus. If the mouse survives, the serum 
contains protectiv e substances indicating recovery from yellow 
fever. In this~way ^ent areas *’ have been discovered, \\’here no 
typical cases of yellow fever had been known to occur, but where 
the disease either exists in atvpicaljbrm or has previously existed. 

In the livejLceJl^ both of man and of experimental animah, 
ver y characteristi c__bodies»-JtnQwn as Counc ilman bodies. ^ 
found as well asJntranucleaL.mclusionbodJes, 
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It IS not inappropriate to record that knowledge of the facts 
concerning Yellow fever has been obtained only by sacrifice; 
Lazear in America in 1900, and Stokes, Noguchi and Young in 
West Africa in 1927 died of yellow fever when investigating 
the disease. 


Influenza 

There is now no doubt that i nflu enza is due to a^ims and not to 
H in^«enra,_the^acterium which was for many years accepted 
as causative of the disease. The first isolation of the virus was 
effected m England by Smith, Andrewes and Laidlaw whose 
technique was the ‘instillation of nasopharyngeal washings of 
influenza patients mtranasally m ferrets. A sinular, jiut ^Ugen^c- 
ally,distmct, ..virus was later isolated in America by Francis and 
others using thj same technique. These t wo virus es are now 
usually called influ enza A ajid influenza B virus Since neither of 
these viruses can be isolated /rom certain cases of influenza, it is 
probable that there are also other influenza viruses 


infection during non-epldcmiC p«^nnd<; /*riip v irulfincft./'^ f.the viriis 
IS subject jo_fluctuation^In the^absence of an epidemic, it is low 
The factors responsible for the increase in the virulence of the 
virus and th^_fac.epidemics oCthe disease are unknown 
disease caused by a virus of enhanced virulence is probably the 
most infectious-disease affecting mankind and is certainly the one 
with the highest mortality. The pandemic of influenza of 1918-19 
was responsible for more deaths than the war of 1914-18. 



ettecls of the virus and such bacteria as H. ;n/?Me/irn’,-pneumococ.ci 
and Strep pyogenes^ 

The yirus^^ich measur es irom 80 to 120mu. m diameter, can 
be grownTn the chick, embryo jcither from the'artificially mfected 
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ferret or direct from the human subject. Primary growth is more 
successful in the amniotic cavity than it is in the allantoic 
cavity. When unfiltered nasopharyngeal washings or other 
materials are used for inoculating the amniotic sac, it is necessary 
to add antibacterial substances (penicillin or sulphonamides) to 
restrain the growth of the bacteria invariably present. 

The detection of influenza virus in amniotic or allantoic fluid 
has been greatly facilitated by the finding that these fluids, \\hen 
the virus is present in them, cause a gglutination of the red blo od 
cells of fowl, man and certain other animals. This agglutination, 
which is produced by killed as well as living virus (either A or B), 
appears to be due to the adsorption of the actual virus on the 
surface of the cell. 


p resent In much greater.concentrati on in immune than i n nomia.I 
human serum and, by determining the dilution of a specimen of 
serum which inhibits agglutination, *'^he concentration of viral 
antibody may be ascertained. 

The immunity,. which resu l ts from an attack o f influ enza fs^of 
v ery s horLduratioR/^ Active immunity may be produced in man 
by inoculation of a vaccine containing the virus (or, preferably, 
the two viruses), grown in the chick embryo. There is good 
evidence that the resulting active immunity is sufficient, in many 
cases, either to prevent an attack of Uie disease following exposure 
to infection or at least tomodify the severity of the attack. Since, 
however, this ’Artificially stimi^ted acti ve immunity doe s Jiot 
persistJonge^thanjmmmiiiy resulting from an actual attack, this 
rnethoH ^ o f ifn mun isation_i5 only likely to.be of practical value 
when aji epidemic cyi be predicted and when the predictc 
epidemic occurs within a few months of the injection of the vaccine. 

Diagnosis of influenza may be confirmed by determining the 
presence of the virus in .nasopharyngeal washii^s^either by intra- 
nasal inoculation of a ferret or by inocuIatiorTinTo the amniotic 
sac of the chick embryo. 


VIRUSES AND RICKETTSI-E 


479 


A r etrospect ive-diagtiQsis may occasionally be made by deter- 
mining, by hsma gglutination inhibition or complement fixation, 
the antibody litres in samples of the serum of a person collected in 
the acute stage of the disease and during convalescence. A con- 
siderable increase in the titre of the second specimen, as compared 
with the first, suggests that the disease from which the patient 
suffered was influenza 

Psittacosis and Ornithosis 

Psittacosis IS primarily a ^sease of birds. It was originally 
described m members of pariot family, but subsequently birds of 
other species, including fulmar petrels, pigeons and domestic 


Psittacosis Is a sev ere d iseas e with a high fatality rate. It has been 
mistaken for enteric fevef,"but lung mvolyem’ent is common. 

The virus of psittacosis, which can be grown m the chick 
embryo, resembles that of lym phograDulo maungumalc m being 
of l^e_si2e_(250;400m[i). in staining more 'readily than most 
viruses and in producing characteristic cell inclusions, which go 
through a regular sequence of morphological changes. Diagnosis 
can be effected by the intrapentoneal inoculation into mice of 
hiood jaken during the first 4 days o Lthe disease, in cases showing 
T ungjnvo^ erngnt. the virus can be isolated at a later stage from 
t he sputum . Infected mice show peritonitis and enlargement of 
the spleen, elementary bodies can be demonstrated m smears made 
from the liver and spleen. The presence of antib odies for the virus 
mjhe serum_of a p aU^nt_may be detected by the complement 
fixation reaction litre risin g in^e acute statuand fJlmRxlunng 
convale^cence.confirins the.diagnosis. 

^ Lymphogranuloma venereum 

This disease is contracted by sexual intercourse and appears 
fi^tjis_a_so^re_ m the g enital mucosa in_eithe^sex. *^he inguinal 
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gl|n^,_^^^e_invoIved_^_Iymphatic spread, enlarge to form 
^ubo and may break down, producing pus. .Systemic symptoms 
may be present.. 

The vims which, as has already been stated, is a large one, grows 
in the y olk sac of t he chic k cmbryo_and cultures may be obtained 
by inoculating the sac with pus from a bubo. Mice may be infected 
by intracerebral inoculation. 

A diagnc^tic reactip_n known as the I^ei^t^ antedates the 
culture of the virus. *T t consisted o f the intradermal injection of 
the suspected patient' wi th heated ^pus taken .frpmla^bub^f 
anbth^''^tient. The' development of a papule at t^ inoculation 
s ife was regai ^^ Itra ■posrtfvtrresun^hH indicated that the subject 
ws suit e rin g from lymphogranul oma in guinale. In the test, as 
now carried out, the materiafThjected is prepared from chick em- 
bryo or mouse brain infected with the virus. Antibodies to the 
virus in the serum of a patient suffering from the disease may be 
demonstrated by complement fixation using, as antigen, material 
taken either from the infected chick embryo or mouse brain. 

Since th^reLis_considerable antigenic overlap in the viruses .of 
lymphogranuloma .venereum and of psittacosis, material con- 
taining the virus of one disease may give a p^tive Frei or comple- 
ment fixation test in the case of a patient suffering from the other 
disease. For this reason, the results of these tests should be con- 
sidered critically in the light of the clinical features of the case. 

Primary atypical pneumonia 

In recent years considerable attention has been given to cases 
of primary pneumonia apparently not due to bactenal infection. 
The disease, which is of mild type, is characterised by widespread 
lung infiltration as judged by radiological evidence. The condition 
appears to be* due to the effects of virus. In some cases the 
viruses of psittacosis, lymphogranuloma inguinale, lymphocytic 
:hprionieningiti^, Q fever and influenza have been demonstrate^ 

3Ut in others either no virus has been found or the virus isolated 
las not been completely identified as the causal agent In some 
:ases of atypical pneumonia, t he serum of j he paUent contains 
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“cold agglutinins”, that is agglutinins which act on human red 
cells of Group O at 0° but not at body temperature. Such agglutin* 
ms are not present in patients suffering from other types of 
pneumonia, although they occur_m_ the sera of patients suffering 
from paroxysmal hsemoglobinuna and certain other conditions. 

Trachoma 

Trachoma appears to be due to a virus similar to those of 
psittacosis and lymphogranuloma venereum Characteristic 
inclusion bodies may be found in the affected cojijunctival epi- 
thelium This virus has not been cultivated outside the body. 

Measles 

There is little doubt that measles is due to a virus. Some 
workers claim to have grown it both in tissue culture and in the 
chick chorio-allantoic membrane and stale that, after passage in 
the chick, it becomes attentuated and, on inoculation into 
children, causes only a modified form of the disease. 

Pa|iive_protection against measles may be obtained by the 
injection of a few millilitres of the serum of a convalescent. The 
immunity developed against measles is a very solid one and the 
ser'um of a person who suffered from the disease years before 
usually contains sufficient antibody to protect, although a larger 
dose of It may be required than of the serum of a recent con- 
valescent. Since this antibody, Jike others, is mainly y globulin, 
injection of this gbbuUn extracted from pooled, adult blood or 
from the blood of placentas is now frequently used to confer 
passive immunity against measles.”' InjMtionof.swum or globulin 
in adequate amount soon after exposure to infection with measles 
usually prevents the development of the disease. If the''inj^^iori 
IS delayed until about the sixth or seventh day after exposure, th_e 
result of the injection is to^jnodify the disease as to render the 


ot serum produces_^ 


UB — n 
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Hepatitis 


• .“stinguished— 


1 - - . » ” ■ ■ ' aundice , was 

. • ' , • ^ cholangitis. 

Ijyer tissu e obtained by biopsy and post'mortem shows clearly, 
however, that th e disease^ is a tr ue hepatitis jw it h_wi de-spread 
deg enerative changes in the liv^i^lls The disease, w hich h^s 
an i ncubation peaod of 20 to 40 days , h^ been transmitted to 
human volunteers by oral administration of Seitz filtrates of 
faces from early cases. Lack of a susceptible animal and failure 
to obtain growth in the chick embryo, following the introduction 
of material believed to contain the virus, have been major 
obstacles In the study of thb form of hepatitis. »^InfectionJi. 
probably transmitted by the faces of a patient to the moujh of 
another indiyidual. 

jT ,1 . . - -f-;.,.,!!.. fi'witiaf (-ondition 

• • • • , ■ at'enals 

■*" ' . . ' " ' ; " • '.jnmian 

✓ . ■ ' . ' ' _ _ 

. . — itionto 


it of immune human serum. It should be noted that the seru^or 
p lasma responsible for this condition is always oThumanongin. 
The administration of antibacterial and antitoxic sera prepare in 
horses or other animals does not involve any risk of the deye op- 
menl of hepatitis and it is for this reason that the condition 
called homologous serum janndicc and not merely serum jaun i - 
Adisea£e.Jndistinguishablc from this and with the s^o 
incubation period, has occurred so frequently as ' 

assume epideihrc proportions in_the_practig^jC£|Oij!5^^ 
diseaseamdiliabetiejilimes. In tJie_form=y t a 

^Siito^fr om-s-ypliTliw nd not those suffering j 

ThTfaet tKa-ny|BiMs tjealed.rvttha^for a ^ 

attention to the possibly of 

liver, but it was found thaTwhUe. in one clinic, “>■= “ 

jaund'ice was very high, in another, using the same drugs. 
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low. It was then realised that the important factor was not the 
material injected (arsenical preparations, bismuth salts, insulin) 
but the fact that injections, whether intravenous, intramuscular or 
subcutaneous, had been given 'to alnumber*^ persons in rapid 
succession.' There is now no reasonable doubt that th e'^epatilis 
of clinics IS due t o the use of fau lty technique for cleaning and 


the small amount of blood injected, there is practically" no 
alternative to this theory. , virus of iniectioa..hepatitis is 
p robably the same as tha t of homologous serum_jaundice and 
diffejent from the ylnas^lnfe'ctive hepatitis. 


Other Viruses 

Among other human diseases proved or believed to be due to 
viruses are mum ps, common cold, molluscu n/ , contagiQsu m. 
cfwjmnn wart, German measl es. denpugJ~S;er^nfect iQus-m qno- 
nucleosis and foot and juQuth disease. 


a gglutin atioa-flLsheeojed.blood cells.^Another t^e ol aiTtibnay 
having the same ^effect is occasionally found in the sera of normal 
persons and yet'an^er in the sera of persons who have received 
injections-of horse seriim.w'The three antibodies can__be distin- 
gui^e^y differential absorption from’the serum by a suspension 
of gmnca'-pig kidney or of ox re d bl ood cells. The normal anti- 
bodpis absorbed by guinea-pig kidney but not by ox cells and the 
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Bacteriophage 

Bacteriophage or phage is the name given collectively to a large 
group of viruses which differ from those already mentioned in that 
they are parasites, not in animal tissue cells, but in bacteria. 

Phages show diff^ences in size (from 10 to POrnp), jn morphol- 
ogy as revealed by the electron microscope, in the species of 
bacterial cells attacked, in the size of their colonies and in 
resistance to physical and chemical agents. " 

Phages are obligatory cell parasites and, up to the present, ha\e 
been cultivated only in living and actively multiplying bacteria. 
To obtain a culture of a phage we may use a young (4-6 hours) 
broth culture o^ susceptible bacteriunL If a minute amount of a 
preparation of an active phage is added to this and incubation 
continued, instead of the culture becoming progressively more 
cloudy, it becomes progressively clearer until it may be as clear 
as uninoculated broth. At this stage there will be present in the 
broth a large number of living phage particles and a small number 
of surviving bacteria. A pure preparation of the phage may be 
obtained by filtering through a bactena-proof filter: the filtrate 
will contain phage free from bactena. A simpler method occasion- 
ally available is based on the fact that, in some cases, the phage is 
more resistant to heat than the bacterium. By heating the lysed 
culture sufficiently to kill the bacteria, the phage is left still alive. 
Preparations of most phages purified by either method can be kept 
alive in the refrigerator for months. 

To identify a phage, we must determine the species or strains of 
bacteria which it lyses. The presence of lysis may be detected by 
the clearing of a broth culture of the organism, but only very 
active phages give complete clearing of such cultures. A more 
convenient method, which has been described m connection with 
the phage typing of Salm. O'phi, is to spread a loopful of a young 
broth culture of the organism over a small area of an agar plate 
and to allow the broth to dry and then to deposit a loopful of the 
phage preparation m the middle of the spread area. After incuba- 
tion, the presence of the phage will have demonstrated itself by 
alterations in the bacterial culture, /^ a ctive p hage, prejent in 
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large mHnber^j_prpduces a Jarge, circular, bare area devoid of 
obvious bacteriaI_growth.\,^nialler numbers of phage particles 
^use a moth-eaten appearance m the culture A still smaller 
numbe^of phage particles give rise to circular bare areas (plaques) 
measunng from less than one millimetre up to several millimetres 
in diameter.v-Each plaque is a colony of phage which has been 
grown on the bacteria. 

“^ure cultures of phages can be obtained from mixtures by serial 
passage in broth cultures of bacteria susceptible to each type, so 
securing multiplication, and finally growing each on the sensitive 
bacteria on agar and cutting out individual plaques 

It appears probable that a single phage penetrates into the 
intenor of a young bacterial cell, multiplies there and causes its 
disruption, so releasing a crop of new phage particles. 

Certain phages show a high degree of specificity as regards their 
host, Specificity of phage may be not only for a particular species, 
but alsoToTonly those members of the species which have a 
particular antigen {such as the Vi antigen of 5o7m typhi). In a few 
cases, specificity is carried still further, each phage acting only 
or best on one of a number of types which, since they all 
possess the same antigen, cannot be distinguished by serological 
methods. 

Some phages are capable of rapid adaptation, so that they 
become capable of lysing types of bacteria which are normally 
resistant to them. 

Bacteria are not inert in relation to phage. When a broth culture 
of a bacterium is acted upon by a phage, apparently complete 
clearing may occur but this cannot be taken as signifying that 
every individual bacterium present has been lysed. If the incuba- 
tion of the culture Is continued, turbidity usually redevelops. The 
bacteria in the secondary growth will be found to be completely 
or relatively resistant to the phage although they may act as 
earners of it. 

Apart from observations with the electron microscope, the 
presence of a phage can be detected only by the effects which it 
produces on bacteria. Very active phages can be demonstrated by 
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Bacteriophage 

Bacteriophage or phage is the name given collectively to a large 
group of viruses which differ from those already mentioned in that 
they are parasites, not in animal tissue cells, but in bacteria. 

Phages show differences in size (from 10 to 90mn), in m orphol- 
ogy as revealed by" the electron microscope, in the species of 
bacterial cells attacked, in the size of their colonies and in 


resistance to physical and chemical agents. 

Phages are obligatory cell parasites and, up to the present, have 
been cultivated only in living and actively multiplying bacteria. 
To obtain a culture of a phage we may use a young (4-6 hours) 
broth culture of a susceptible bacterium^ If a minute amount of a 
preparation of mTactive phage is added to this and incubation 
continued, instead of the culture becoming progressively more 
cloudy, it becomes progressively clearer until it may be as clear 
as uninoculatcd broth. At this stage there will be present in the 
broth a large number of living phage particles and a small numb« 
of surviving bacteria. A pure preparation of the phage may 
obtained by filtering through a bactcria-proof filter: the filtrate 
will contain phage free from bacteria. A simpler method occasion- 
ally available is based on the fact that, in some cases, the phage is 
more resistant to heat than the bacterium. By heating the yse 
culture sufficiently to kill the bacteria, the phage is left still alive. 

Preparations ofmost phages purified by either method can e ep 

alive in the refrigerator for months. , 

To identify a phage, we must determine the species or str 
bacteria which it lyses. The presence of lysis may be detect y 
the clearmg of a broth culture of the organism but only^ery 
active phages give complete clearing of such cultures. A 

alterations in the bactenal culture. 
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of these tumours. Whether a virus plays any part in the causation 
of mahgnant tumours in man remains sub judice. 

Rictcettslse 

Rickettsia constitutes a group of organisms the characteristics 
of which appear to be intermediate between those of the bacteria 
and of the viruses. Like viruses, they have not been cultivated on 
inanimate media, but in size and in non-01terability they resemble 
bacteria. ^Although the maionty of n c kettsife proliferate only 
i nside living ^ lls. some {R. onentahs and R burnetu) grow m 
tissue culture in association with, but actually outside, living cells. 

The rickettsiffi can be stained by Giemsa’s met hod, appearing 
I ■ - - - 

] 
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More than forty species have been distinguished, of which only 
siXjs- J?. prowazeku, R. aui niaw. R. nckettsii, R. onentahs, R 
tnoosefijix\d_R. burnetii — been shown to be path ogenic for 
ntan. These are transmitted to man by the bite of the insect host. 
The diseases which they produce can be divided into five gro ups — 
the T yphus grou p, the Rocky Mountain Spotted Fever groiy?, 
S crub Fever , Q_Fever and Trench Fever. 

Rickettsiffi are insensitive to penicillin and sulphonamides but 
Chloromycetin, an antibiotic originally obtained from cultures of 
Slreptomyces Venezuela but now prepared synthetically, inhibits 
the growth of certain nckc ttsig in the chick em bryo and is very 
effective in the treatment of t yphu s and tsutsugamushi fevers. 
Another antibiotic, Aureomycin, produced by Slreptomyces 
aureofaciens, is also of value in the treatment of certain of the 
rickettsial diseases. 

Typhus Fever 

Two types of typhus fever , classical and murine, can be recog- 
nised.'i^Classical typhus, which may oixur either m epidemic form 
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(ho ckamg of broth cultures, less itcthe phages by ((.tproductio. 
of plaques in apar cultures of the bacteria, tae_syains ofptott 
can,act as non-pathogcnic parasites in bacteria ^fhe bacteria ita 
become earners of the phage which ni.iy be capable of lysini 
b.actcria of another species or type. The presence ofa phageina 
strain of bacteria, which arc not lysed by it, stimulates the 
development of variants. 

At one lime it wa'^ thought that the administration of phage 
might be of therapeutic value in the treatment of such diseases as 



Fig gS—Bner. coU wmi adsorbed Phac^e Particles- 
Electron microseope) 

choiera, dysentery and typhoid fever. Moit reliable obseners 
have now abandoned the hope of phage therapy. The failure of 
phages in this respect is probably due to the rapid development by 
bacteria of phage-resistant variants. The most important practical 
application of phages to-day is for the typing of Sa!m. 

Staph pyogenes and other bacteria. 

Certain types of new growth, most usually regarded as malig- 
nant (c.g. Rous sarcoma), can be initiated by inoculation of® 
healthy animal with filtrates of extracts of the tumour. It is fa^y 
generally believed that a filterable wus is the cause of production 
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or from the intestines of lice tediously infected by injection per 
anum More recently a v accine prepared, from nckettsig .RrQvvn 
i n the chick embryo volk sac has been introduced and is now 
widely used. V accines appear either to give pnotec tiorLagainst 
t yphus or considera^ y reduce t he seven ty and fatality of the 
disease. 



Fig 94 — R moosen in Endotheual Cell of Guinea-Pio Testis 
(Electron microscope) 


Murine typhu s is due to R, mooserK an organism closely *, 
resembling R. prowazekii. The disease is enzooticjn_wild_ra.ts in 
various countries m which it prod_iiccspjnild_dis_case. It is trans- 
mitted from rat to rat by the rat flea or r at louse and f rom the 
TAt*. which constitutes a reservoir of infection, t o man by the rat 
flea* 'The scrum of the human patient agglutinates Proteus 
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or sporadically, is caused by R.prQwazekii and is spread from case 
to case by the ^o^Jouse. A m ilder fo rm of the disease, which 
occurs endemically and never gives rise to epidemics, is known as 
B riirs disea se. The rickettsire can be demonstrated iruhavascular 
egdqthe lium jaf the.sjdn,j3rain^nd.otheLPrggns. They can also 
be found in the lumen and within the epithelial cells of the 
intestine of lice which have fed on typhus patients. period of 
from 2 to 11 days must elapse after a louse has bitten a patient 
before it becomes infective for another human being. Guinea-pigs 
can be infected by intraperitoneal inoculation and the rickettsi'g 
cai ■ 

W 
an 


believed that typhus was due to a Profeus Father than to a HicKeti- 
sia and others that the Rickettsia was a stage in (he development 
of the Proteus, but the view now generally held is that the reactign 
i s due to the presence of the same polysaccharide antij; eiLiiLihe 
t wo organi sms. This antigen is present in the bodi es and not in 
the flagella o fProteus and hence a eplutmation is of the 0 ty pe and 
n on-motile stra i ns of Proteus should be u sed fo r, the tfist *Ahe 
test IS rarely positive j p other than ri ckettsial diseas es except in 
some Tirijrella infect^g ns and in patients infected with a Prote^ 
The serum of the typhus pati ent also agglu tinates a suspensi^_<^ 
R. pron'Gzekii. ^ 

y/ Qne attack of typhus confers immunity againit_thg d isease. 
Some degree oT oassive immynily may be produced by the injec* 

• -- * or of the scrum of immunisw 

. .• from the injection of vaccines 

, . • ■ ■ . netly the necessary suspensions 

of the organism were obtained from the tissues of infected 





CHAPTER XLVI 


PATHOGENIC PROTOZOA 

Malaria 

Malaria is a disease chiefly of tropical or sub-tropical countries 
although it is not unknown in temperate climates and was, until 
fairly recently, common in certain parts of England and Ireland. 
It IS characterised by attacks of fever which recur at more or less 
regular intervals for some considerable time. Anemia and 
enlargement of the spleen are almost always observable. 

The disease is due to the presence in the red blood corpuscles 
of minute protozoa, the malaria parasites, of which four species 
are known These can be distinguished by their microscopic 
appearance and also by the type of disease produced. Benign 
tertian malaria is due to Xht Plasmodium vivax; Quartan malaria 
to the Plasmodium malaria; Malignant or Sub-tertian malana to 
Plasmodium falciparum another tertian form of the disease is due 
to Plasmodium ovale Malana may be conveyed by the injection 
of blood from a patient into a healthy individual, as has occurred 
in blood transfusion, but in nature the disease is transmitted 
exclusively by the bite of a female mosquito of the genus Ano- 
pheles In the human body the parasites multiply asexually, 
while sexual multiplication occurs in the mosquito For this 
reason the mosquito is regarded as the definitive host of the proto- 
zoon and man as the intermediate host. 

The life history of one of the parasites, Plasmodium malana, 
will first be described, and subsequently the characteristics which 
distinguish It from those causing the other types of malana will 
be mentioned When the mosquito bites, she injects into the 
human body a small amount of saliva which may contain a large 
number of young parasites. Each of these* is a minute, thin, 
pointed rod, having about its centre a nucleus, easily distinguished 
491 
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and X^, the former to a higher litre than the latter, but not Ak. 
The reaction is thus of no service in distinguishing classical and 
murine typhus. They can, however, be distinguished by the fact 
that patient s serum agglutinates a suspension of R. mooseti to a 
higher litre than one oVRTprowazei^ 

Rocky Mountain Spotted Fever Group 

This group includes, in addition to Rocky Mountain Spotted 
Fever, Brazilian Spotted Fever, Fievre Boutonneuse, Kenya Fever 
and South Afric an Tick Fever . The causative organism of the 
group is R. rickettsii or variants thereof. Rodents, dog s and 
sheep constitute reservoirs of infection and the diseases are trans- 
mitted from them to man by licks . The serum of patients agglutin- 
ates Proteus Xx^ and A”, but not Xk. 

Scrub Typhus 

Under this heading are included Malayan Scrub Typhus, 
Tsutsu gam ushi Fever of Jap an and Mite Typhu s of the Dutch 
East Indies which are probably identical diseases. The causative 
organism is R, orientalis . Voles and wild rats are the reservoirs of 
infection and the transmitting agents aremites. The ser um of th e 
patient agglutinates /’roreuj.A';; but not X^^ or A'*. 

Q Fever 

Q fever, a disease which occurs in Australia and North America, 
is caused by R burnetii. The reservoirs of infection are certain 
wild animals _and"’^tle and the transmitting agent among 
animals is a tick. In some cases the disease spreads to jnan by 
contact with the flesh of infecte d, c attle or by inhalation of^ust 
contaminated with infected tick fiwes. The serum of the 
patient does not agglutinate any of the three varieties oi Proteus 
A*j 9 , X 2 or Xk- 

Trench Fever 

Trench fever, which was common in the war of 1914-18, is not 
now known to exist. It was due to R^auinlanaand was spread by 
lice. Neither the mammalian reservoir nor the capacity of the 
patient’s serum to agglutinate Pro/eur is known. 
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Malaria 

Malaria is a disease chiefly of tropical or sub-tropical countries 
although It IS not unknown in temperate climates and was, until 
fairly recently, common in certain parts of England and Ireland. 
It is characterised by attacks of fever which recur at more or less 
regular intervals for some considerable time. Ana:mia and 
enlargement of the spleen are almost always observable. 

The disease is due to the presence in the red blood corpuscles 
of minute protozoa, the malaria parasites, of which four species 
are known These can be distinguished by their microscopic 
appearance and also by the type of disease produced. Benign 
tertian malaria is due to the Plasmodium vivax, Quartan malaria 
to the Plasmodium malaria'. Malignant or Sub-tertian malaria to 
Plasmodium faldparum'. another tertian form of the disease is due 
to Plasmodium ovale. Malaria may be conveyed by the injection 
of blood from a patient into a healthy individual, as has occurred 
m blood transfusion, but in nature the disease is transmitted 
exclusively by the bite of a female mosquito of the genus Ano- 
pheles. In the human body the parasites multiply asexually, 
while sexual multiplication occurs in the mosquito. For this 
reason the mosquito is regarded as the definitive host of the proto- 
zoon and man as the intermediate host. 

The life history of one of the parasites, Plasmodium malaria, 
will first be described, and subsequently the charactenstics which 
distinguish it from those causing the other types of malaria will 
be mentioned. When the mosquito bites, she injects into the 
human body a small amount of sahva which may contain a large 
number of young parasites. Each of these" is a minute, thin, 
pointed rod, having about its centre a nucleus, easily distinguished 
491 
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in ctaincd prcparalions by its chromatin. This, the Spororoite, 
docs not immediately penetrate a red blood cell as was formerly 
believed, but first develops in cells of the reticolo-endothelial 
system, giving rise to young forms which then invade the red 
blood cells and become Trophozoites. While still young, the 
trophozoite is commonly found as a ring-shaped body. The ring 
resembles a signet ring, since it is thicker on one side than the 
other, and the nucleus is usually situated in the thinner side. The 
trophozoite grotvs at the expense of the haemoglobin of the ceil 
and frequently assumes an oval or band-like shape. Waste 
material accumulates In its body in (he form of coarse grains of a 
dark brown pigment, scattered chiclly towards its edge, the 
nucleus now being situated centrally. When examined alive at 
(his stage its outline is found to be constantly altering within the 
red cell; in fact, it behaves very much like an amaba. The fully 
mature trophozoite, now the Schizont, almost fills the red cell, 
which otherwise does not appear to be greatly altered. Various 
activities take place; the nucleus breaks up into a number of 
fragments which scatter through the protoplasm, while the pig- 
ment accumulates in the centre. After the division of the nucleus 
the protoplasm also divides, and the parasite is now found to have 
produced from 6 to 12 new parasites, the Mcrozortes, which arc 
regularly arranged like the petals of a daisy. A certain amount of 
residual protoplasm surrounds the central pigment. The red cell 
disintegrates and the brood of merozoites is free in the plasma 
and, at the same time, the pigment is also liberated, A merozolw 
approaches a fresh red cell, penetrates it and develops just as did 
the original sporozoite, only to divide in course of time into yet 
more merozoites. The process of multiplication by asexual division 
in the human body is known as Schizogony. In the case of quartan 
fever the cycle is one of 72 hours (A paroxysm of fever recurs on 
the fourth day, counting the day of a bout as one.) If only ons 
sporozoite has been injected by the mosquito it will have produced, 
say, 10 merozoites at the end of 72 hours; after a further 72 hours 
there will be 100, and so on. The parasites adhere fairly rigidly W 
their time-table, so that at any moment the majority are 
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jxactly the same stage of development, a few being slightly too 
rapid and a few too slow. The setting free of all the merozoites 
in the patient’s blood, therefore, occurs at about the same time, 
and it is found that the fever commences at this time. The cause 
of the fever is certainly some toxic substance, either the pigment 
or some other waste product, liberated when the red cells disinte- 
grate and the merozoites escape. It has been found that if the 
serum obtained from the blood of a patient during a paroxysm be 
filtered and injected into a healthy man it gives rise to a single bout 
of fever similar to that of malaria. 

The disease has an incubation period of about a fortnight, the 
ime necessary for the development of sufficient parasites in the 
blood. It has been calculated that for the production of symptoms 
there must be several hundred parasites in each cubic millunetre 
of blood. From this time onward, m the absence of treatment, 
bouts of fever occur at intervals of about 72 hours If, however, 
the patient has been infected on two occasions, the two broods 
of parasites resulting from the injected sporozoites will each follow 
Its own time-table, and schizogony of each brood will occur every 
third day; but the unfortunate patient will experience two bouts 
of fever every 3 days. In the same way, as the result of three 
distinct infections, fever may occur every day. Rarely docs the 
mosquito inject a single sporozoite; but however many are injected, 
the descendants of those injected at the same time all follow the 
same time-table, the only difference being that a slightly longer 
tune will elapse before the first attack of fever where only one was 
injected than when the number was large. 

Simultaneously with the production of merozoites two other 
types of cell develop in the patient's blood in preparation for the 
sexual cycle and sporogony, in the mosquito. The development of 
these resembles that of the ordinary trophozoite, but no division 
of the nuclear material occurs. These, the gametocytes, enlarge 
and become rounded. The Macrogametocyte (female) is larger, 
takes stain more intensely, and has mote pigment in coarse grains 
arranged in a circle around its centre, while the Microgametocyte 
(male) is smaller, stains (with Lcishman’s stain) a grey-blue or 
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pinkish colour, has less and finer pigment, less regularly distn- 
buted, but a larger nucleus. These cells do not develop further in 
the human body. In the stomach of a mosquito which has 
swallowed human blood contaimng the parasites, the macro- 
gametocyte develops into the Macrogamete and the microgameto- 
cyte produces a number of Microgametes. One of the latter 
impregnates a macrogamete which develops into the Zygote. The 
zygote becomes oval, elongated and, as the Ookinete, almost 
wormhke. It penetrates the wall of the stomach and attaches itself 
to the outer surface where it again becomes a rounded body of 


■'■-'■'St?'.. 



Fig. 96 — Macrogametocyte of P. 
falciparum (x 1200 ) 

about 6^1 in diameter. It grows rapidly, surrounds itself with a 
capsule and becomes the Oocyst. The obeyst soon comes to form 
a large swelling, protruding from the wall of the stomach into the 
body cavity of the mosquito. The nucleus and protoplasm divide 
and a number of Sporoblasts are formed, each of which divides 
into a large number of thin spindle-shaped, nucleated cells, 
arranged radially. The sporoblasts disappear and these threads, 
the Sporozoites, are free within the capsule, which may now have 
a diameter of 60^1 This bursts and the sporozoites find them- 
selves in the insect’s body cavity, from which they make their way 
to the salivary glands and arc injected by the insect into the next 
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human being on whom she feeds, there to set up the schizogony 
cycle again. The sporogony cycle occupies on an average from 
10 to 12 days. 

In Plasmodium vivax, schizogony is very similar. The amaboid 
movement of the trophozoite is, however, much more active. The 
parasite tends to be rather larger and the red cell is pale and 
swollen and frequently shows, when stained, deeply stained 
points, Schuffner's dots. The pigment within the parasite is iinw 
and of a lighter colour. In schizogony from IS to 20 oval mere- 
zoites are formed, which are arranged irregularly. Schizogony 
occurs every 48 hours. Since it is of a relatively mild type, this 
form of the disease is called Benign tertian malaria. Sporogony 
does not differ in essentials from that in the quartan parasite. 

Malignant or Sub*teriian malaria is of a more serious character. 
The occurrence of the fever is less regular, although mainly every 
48 hours, and multiple infections are common. The young 
trophozoites are smaller and show more active amaboid move- 
ments than those of P. ma/arltr. When fully developed theschizont 
occupies less than half the red cell, which appears shrunken and 
deeper in colour than normal. Pigment is scanty and occurs in 
fine grains. From 6 to 20 merozoites, irregularly arranged, are 
produced, but this stage is very rarely seen in the peripheral 
blood, as the second 24 hours of the cycle, including schizogony, 
is confined almost exclusively to the capillaries of the internal or- 
gans, particularly the spleen. The gametocytes differ from those of 
the other two parasites since they arc of crescentic or sausage shape. 
They are larger than the cells in which they developed, the remains 
of which may sometimes be observed as a fine line uniting the 
points of the crescent like the string in a bow. The macrogameto- 
cyte is larger, has pointed ends, stains more intensely, has a 
smaller nucleus, and the pigment is collected towards the centre. 

In the microgametocyte, which has rounded ends, the pigment is 
distributed through the protoplasm of the parasite. Outside t e 
body the gametocytes lose their crescentic outline, become 
rounded, and further development is very similar to that o 
P. malaria. 
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human being on whom she feeds, there to set up the schizogony 
cycle again. The sporogony (^cle occupies on an average from 
10 to 12 days. 

In Plasmodium \i\aXt schizogony is very simiJar. The aaiaboid 
movement of the trophozoite is, however, much more active. The 
parasite tends to be rather larger and the red cell is pale and 
swollen and frequently shows, when stained, deeply stained 
points, Schiiffner’s dots. The pigment within the parasite is finer 
and of a lighter colour. In schizogony from 15 to 20 oval mero* 
zoites are formed, which arc arranged irregularly. Schizogony 
occurs every 48 hours. Since it is of a relatively mild type, this 
form of the disease is called Benign tertian malaria. Sporogony 
docs not differ in essentials from that in the quartan parasite. 

Malignant or Sub-tertian malaria is of a more serious character. 
The occurrence of the fever is less regular, although mainly every 
48 hours, and multiple infections are cornmon. The young 
trophozoites are smaller and show more active amaboio move 
ments than those ofP. malarice. When fully developed 
occupies less than half the red cel!, which appears shrunlcen ano 
deeper in colour than normal. Pigment is scanty ana occu 
fine grains. From 6 to 20 merozoites, '‘resularly arranged, 
produced, but this stage is very rarely 
Lod, as the second 24 hours of the eye e, ineluding eta g J. 
is confined almost exclusively to the capillaries of the J 

Bans, particularly th=spleen.Thcgauietceytesd.fferft^ 

thcotherlwoparasitessincctheyareofcrcscenticor S 

They are larger than the cells in which they ; “,he 

of which may sometimes be observed as “^ ' * 10 - 

points of the crescent like the stnng in a bow. Th= ^ , 

evte IS larger, has pointed ends, stains more “‘^cen re. 
smaller nucleus, and the pigment is ig„enl is 

In the microgametocyte, which has the • 

distributed through the protoplasm of *= become 

body the gametocytes lose their crescent c ^ 

rounded, and further development is veo^ smn>ar to that 
P. malaria. 



PATHOGENIC PROTOZOA 


497 


The laboratory diagnosis of malaria depends on the finding of 
the parasite in the blood. Three methods are employed: in the 
first a fresh thin film of blood is examined unstained; the second 
is to make blood films in the ordinary way and to stain with 
Leishman's or some other stain; the third, the thick*film method 
of Ross, IS employed where parasites are few. About 20 c mm. of 
blood are spread over an area of about 1 square inch and allowed 
to dry. The film is inverted in a few drops of a 1 : 15 dilution of 
Giemsa stain and left there for 20 minutes. This both lakes the 
cells and stains the parasites. It is then washed, dried and 
examined Some experience is needed before the observer can 
rely on finding all stages of the parasite when present, and on 
distinguishing platelets and artefhcts, such as deposited stain, 
from parasites. A prolonged search may be necessary before 
even a single parasite is found. In the absence of parasites, the 
presence of an excess of large mononuclear leucocytes in the 
blood and of pigment m the leucocytes may assist in establishing 
a diagnosis. 

It has been found possible to cultivate the malaria parasite in 
defibrinated blood containing 0 5 per cent, glucose at a tempera* 
ture of 40® to 41®. Schizogony proceeds within the red cells, but 
sporogony docs not occur. 

The chief symptoms of malaria arc due to the toxic products of 
the parasite which are thrown into the blood stream at schizogony. 
In addition, anxmia is present, and the number of red cells is 
diminished to an extent which cannot be explained by the number 
infected. There appears to be a definite destruction of the cells by 
hffimolysis, due either to the pigment or other toxic product. 
Leucopenia is usually to be observed, but there is an increase in 
the number of large mononuclear cells. The most obvious patho- 
logical change is the deposition of the pigment in the internal 
organs, especially in the spleen, liver, bone marrow and brain. 
The pigment is found chiefly m the endothelial cells of the 
capillaries, which, in consequence, may degenerate, leading to 
capillary hiemorrhages; but m the spleen and bone marrow il is 
found all through the tissues. 


HB — KK 




Amffibic Djsentery 

Amffibic dysentery rs a disease quite distinct from that due to 
the presence of the dysentery baalli. The onset is more gradual , 
there is little fever, and the number of motions passed is few but, 
as in the bacillary disease, they contain both mucus and blood . 
In the absence of appropriate treatment there is a marked 
tendency for the disease to assume a chronic form , the patient, 
becoming more and more emaciated . Spora dic. c ases of amcebic 
dysentery are common in tropical and sub-tropical countries; 
epidemics are rarely experienced. 

The organ ism, the Entamaba histolytica , is found in the feces , 
in the u lcers ofthe intestine a nd m the a bscesses of the liver which 
are a frequent complication of the disease. If a fluid stool from 
a patient be examined fresh, the anuehaus seen to measure from 
20u to 30u in diam eter. ; j .. ^ ^ 

easily found owing to it • ■ ' 

ectonllim *«l. * , , ' 


• . and various 

The outline 
to the rapid 

eni^ ence ofblunt pseudopod ia in which the distinction between 
ectoplasm and endoplasm is easily seen. •^ Vhe amosba moves / 
agtively by a flowing motion . Its minute structures may better be^ 
observed in preparations which have been fixed while still wet in 
alcoholic corrosive sublimate solution and stained with iron- 
hsmatoxyhn ^he nucleus is found to have a definite, sharp , 
circular or oval outline, a "c entral karvnsome jind a sm all 

pmniint of -« « . - _g of jts 

' ' * . , conva- 

' . . . , j may be , 

seen only rarely or not at ah, since the entamceba g have become' 
encysted* The . cyst, which is much smal ler than the vegetative 
form, measuring from 15 n in . diame ter, is roun d, and has a 
defin ite ou tline >vit h double contoured wali yin its interior neither 
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rt is well known that in malaria the patient may have remissiom 
during which no attacks of fever are experienced; but ate s' 
longer or shorter time typical bouts of fever recur, often as a 
result of a chill or some indiscretion. The explanation is probably 
that a certairi degree of immunity is developed, and that the 
parasites live and go through schizogony in small numbers, 
possibly in some internal organ. It is only when a large number 
of red cells are attacked that fever develops. Vety little real 
immunity is established against the parasite, but there may be 
some immunity against the toxic substances produced. Certainly 
negroes are less afTecied by malaria than are Europeans. 

Quinine has for long been regarded as the most effective agent 
in the treatment of malaria, and its free administration appears 
to destroy the great majority of the asexual parasites. It is, Jjom'- 
ever, ivithout effect on the gametocytes. Among newer drugs, 
mepacrine (atebrin) and pamaguin (plasmogiiin) have established 
themselves as of great value both in the treatment of malaria and 
in suppressing attacks of the disease. Paludrin appears to be a 
very promising drug for the treatment of the disease. 

In the prophylaxis of malaria there are three cardinal factors: 
(1) Malaria is spread by the biles of mosquitoes; (2) mosquitoes 
bite at night; (3) mosquito bites are only dangerous if the insect 
has previously fed from an infected human being. The first 
necessity is to set about eradicating the mosquito. Since water is 
necessary for the development of the larva, all stagnant water 
should be drained or, where this is impossible, covered with oil, 
which prevents the development of the larva. While mosquitoes 
still exist, D.D.T. or other insecticide should be used and ad those 
already infected should be treated in order to keep the number of 
parasites in their blood as low as possible. Europeans should 
sleep some distance away from infected natives, for the mosqutW 
does not fly far. At mght, the house or bed should be rendered 
mosquito-proof by wire or other netting. There is some discussion 
as to the value of a daily small dose of quinine in preventing the 
onset of the disease, and mepacrine is now commonly used as a 
prophylactic. 
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Amebic Djsentery 

Amebic dysentery is a disease quite distinct from that due to 
the presence of the dysentery bacilli The onset is more gradual , 
there is little fever, and the number of motions passed is few but, 
as in the bacillary disease, they contain both mucus and blood . 
In the absence of appropriate treatment there is a marked 
tendency for the disease to assume a chronic form , the jwnent 
becoming more and more emaciate d Spora dic cases of amoebic 
dysentery are common in tropical and sub-tropical countries; 
epidemics are rarely experienced 


a patient be examined fresh, the amceba is seen to measure from 
20^1 to 30ia in d iameter. It is of a faint green colou r, and can be 
easily found owing to its high refra ctivity >T he ou^r zone, th e 


placed eccentrically^ and also one or more vacuoles and vanous 
food substances, chiefly r ed blood cells and bacteria. The outline 
of the organism is constantly changing, owing to the rapid 
cmglge jice of^lunt pseudop odia in which the distinction between 
ectoplasm and endoplasm is easily seen, " ^he amceba moves^ 
actively by a flowing motion . Its minute structures may better be 
observed in preparations which have been fixed while still wet in 
alcoholic corrosive sublimate solution and stained with iron- 
hffimatoxylin. ^he nucleus is found to have a d efinite, sharp , 
Ocular or oval outline. _a _!^ntral karyosomg ^and a small 
amount of chromatin arranged in dots on the inner surface of its 
membra ne. v /tjnhTlaTer stage of the disease, and during conva- 
lescence, the form of the E. histolytica described above may be 
seen only rarely or not at all, since the entamcebg have become 
CUCyatfidl The ^st^ which is much smaller than the vegetative 
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great ea.e, but i„c aauH.OB of a small amount of tram’s iodin'e 
, facililales their detection. In jlany cysts , probably those not vet 
jniat^one_or more clongatcd_iBasses. the chroma told bodies 
‘may be seen. 

As the diagnosis of the 
disease is made by the 
identification of the para- 
site in the stools, it is of 
great importance to dis- 
' tinguish it from another 
very similar organism, the 
^ Entamcrba coli . which is 
frequently found and 
which is non-pathogenic . 
This is usually somewha t 
larger than £. hislohtka . 

In it the'^ distinction be - 
t ween ectop lasm atuLen- 
doplasm iS not definit e,, 
yrthe nucleu s is much more 
easily seen , has an eccen.-, 
t rie karysome and coarse ^ 
perip h eral chromatin, and 
iTsitua'ted nearlrie centr7 , 



Fio. 97 — Entamcere. 
la E. histolytica: N, nucleus; RBC red 
blood cells. 16 E histolytica, C3fst; CRB, 
chromatoid body. Ita. E. colt. 116 E colt, 
cyst. 

.A.vX.. , .-A 


/The cysts are a resting stage in 
which the protozoa, in a resis'tant form, mav have a better chan ce 
of rea ch ing their na tu ral habitat, the intestin al tra ct of a fresjTvic- 
tim. For this reason^sts are produced chiefly towards the end of 
the disea se. aUyhich-pari o.d very few amcebs may bej'ound in t he 
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Stools. ^^ when swallow ed, the amoebs are destroyed by the gastr ic 
juice, but the cysts escape and reach the intestine . There they may 
settle down and multiply and act merely as saprophytes {E. coU), or 
either as ^p rophytes or pathogens {E histolytic d), for the latter 
organism d oes not in every case produce dysentery . In an experi- 
ment 20 men were given E. histolytica cysts by the mouth In 18 
the amabE were found in the stools, but only in four were the 
symptoms of dysentery noted. wThe possibility of this organism 
existing in the intestine for long penods without dysentery result- 
ing explains the finding of it in stools of individuals who have 
never had dysentery, and is also probably of importance in the 
spread of the disease, since carriers may be either healthy o r 
convalescent^ ^ ^ 

In the disease in man th e org ani sm m ake s its way b etween th e - 
epi^ehal cells and so into the s u b-mucosa o f the larg e intestine> g 
especially in the region of the e geum and a t the fl exures of the 
c^n.v A gelatinous oedema r^fts, with little leucocytic invasion ~ 
of the pa rt ^^ ^ec^osis occurs , t he sloueh separates off and an 
ulcer is produce d tThis may be 'from microscopic dimensions up U 
lo 1-Cm in diameter> /*l t has irregular, ov erhaaemg edges and-a 
ragged .floor composed of the muscle co at.^ Amttbs are found in 
the ulcer, particularly m the edges beyond the ulcerated area. 
s/T be parasite may be earned in the blood or lymph to oth er parts 
of the body, most com monly the liver, where it frequently pro- 
“‘^duces the so-called tropica! abscess, o f which one or more may 
be present. These are of irregular omline with ragged edges, and 

* ■ ' ' *■ ' )co1ate or pinki sh 

an _d__blood wUh 
bund m matenal 
ley arc entirely of 

the v egetative form ; cysts arc not present. 

The diagnosis of amcebic dysentery is made by finding either 
the characteristic amcebs or cysts in the stools.-^Thc stool should 
be examined as fresh as possible in the wet state, films being made 
from a'^ortion of blood-stained mucus when available, both with 
and without the addition of Gram’s iodine. 




^ The disease is spread bv t he feces of a patient or carrier, and 
infection may occur from water. or food, particularly uncooke d 
vegetable s. Elies are probably important mechanical agents in 
transmitting amoebs. 

Dysentery may be produced in young cats and dogs by feeding 
with material containing the cysts of the E. histolytica or, more 
certainly, by the injection of such material into the rectum. 

Cultures of some of the non-pathogenic entamcebx have been 
made on a variety of media, but it has been found more difficult 
,to cultivate E, histolytica. This has been accomplished by Boeck 

t and Drbohl av using a Medium consisting of solidified eg g 
covered with dilute human se^ m. The cultivated entamcebK 
exhibit characteristic pathogenicity for kittens. 

Emetine is extensively used for the treatment of the disease 
with, in the majority of cases, successful results, and good reports 
have been received as to the value of chiniofon. 


Tr)paiiosoroes 

The trypanosomes are motile protozoa, 
living in the blood plasma of man or of the 
lower animals, and producing in these a 
variety of diseases. Minor differences charac- 
terise each species, but fundamentally they are 
very similar. A trypanosome has an elongated 
body, measuring from 1 5k to 30k in length by 
1.5k to 2.5k in breadth m the thickest part, 
from which H tapers towards each extremity. 
At one pole, the anterior, is a long, One flage - 
lum which commences near the posterior en 
in the blepharoplast, close to the kmeto- 
nucleus, and is continued anteriorly along t e 
edge of a delicate, indented, fin-like structure, 
the undulating membrane. In its interior, 
near the centre in the stained specimen 
„ seen a round or oval nucleus, while near the postenor pole n 
:^X»Iuer structure, the hinetonneleus. The organ, sn. s,wnn 



Fig. 98 —Diagram 
OF Trypanosome 
F, Flagellum TN, 
Trophonucleus 
UM, Undulating 
membrane BL, 
Blepharoplast- 
KN, KinetonucJeus 
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actively through the plasma, disturbing the blood cells as it goes. 
Its motility appears to be due to the flagellum and to contractions 
of its body, but chiefly to the undulating membrane. In the 
vertebrate body multiplication takes place by longitudinal division. 
The two resulting trypanosomes may be equal in size, but com- 
monly one is very much smaller than the other. In the same blood 
considerable variations in the parasites may be found, and these 
have been regarded by some as male and female forms. Sexual 
reproduction has not, however, been observed in trypanosomes. 
The life-cycle of these flagellates involves an alternation of hosts, 



Fio 99 — Trypanosoma etansi IN Rat 
Blood (x 950) 

one a vertebrate, the other a^blood-sucking insect, m which the 
most essential part of the developmental process takes place. 

In man the chief disease due to trypanosomes is sleeping sick- 
ness, one of the most serious of the diseases of tropical Africa, 
which is caused by T gambiense The disease commences with 
irregular fever, wasting, muscular weakness, enlargement of the 
spleen, and the occurrence of areas of local erythema and adema. 
The condition is rather chronic, but may cause death If death 
does not occur at this stage, after a longer or shorter time, a 
change m disposition is observed. The patient becomes morose 
and apathetic; the speech is slow and headache and indefinite 
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pains are complained of; the superficial lymphatic glands are 
enlarpd; muscular tremors occur, and there is progressive 
emaciation and ansemia; the lethargy becomes more marked and 
passes into coma, followed by death. The total duration of tie 
disease may be several years. The chief pathological changes are 
congestion and inflammation of the meninges and, in the brain, 
a perivascular infiltration with lymphocytes. 

In the early stages of the disease the tiypanosoraes are found 
in the blood, but not in large numbers. Later they are present in 
the cercbro-spinal fluid and in the juice of the enlarged glands. 

Injection of material containing the parasites into monkeys 
gives rise to a disease closely resembling that of man. Dogs, cats, 
and while mice are also susceptible, and guinca*pigs to a much 
less extent. 

The disease is spread by the bite of Glossina palpaUs (the tsetse 
fly), of which both male and female bite in daylight. This insect 
may transmit the disease mechanically for a short time after the 
infecting feed. Then, for a period of several weeks, a bite is 
without efTeci, but subsequently to this, biting may reproduce the 
disease and the insect may remain infective for a considerable 
time. The trypanosome goes through a complicated cycle of 
development in the tsetse which ends in the presence of infective 
trypanosomes in the salivary glands of the insect. 7>. gambisnse 
can live in the blood of wild animals, and it appears probable that 
the disease is kept alive in a district by antelopes and other big 
game acting as reservoirs of the organism. 

Animals may, to some extent, be immunised against this 
trypanosome and their sera are found to destroy the organism 
and to protect other animals against infection. Serum useful for 
the treatment of the disease in man has, however, not yet been 
produced. , - 

Sleeping sickness, when fully developed, is always fatal ii 
untreated, but the earlier manifestations may become arrested 
and the lethargic stage may not be reached. Many drugs have been 
tried, of which the most promising until recently were certain 
arsenical derivatives (atoxyl, salvarsan. etc.) and salts of antimony. 
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These undoubtedly are very effective in reducing the number of 
parasites in the blood, and can produce cures in experimentally 
infected animals. A certain number of human infections appear 
to have been definitely cured, but success has not usually attended 
the use of these drugs once the central nervous system has been 
attacked. A few apparent cures have, however, been reported 
following the use of tryparsamide in cases in which the central 
nervous system was involved. Suramin and antrycide have been 
used with apparently good results in a large number of cases, 
especially m the early stages of infection with 7> gambieiise 

One great difficulty and danger in the treatment of diseases due 
to trypanosomes is that, if the patient receives inadequate doses 
of a drug, his trypanosomes may become drug-resistant so that 
they are unaffected by a concentration of the drug lethal to normal 
trypanosomes. This resistance is usually called arsenic-fastness, 
since it was first observed with arsenical preparations ft is not, 
however, a resistance to arsenic, but to the substituted phenyl 
radicals of the aromatic compounds used Resistance is main- 
tained for many generations of the trypanosome and has been 
found still present after 5 years, during which the organisms were 
passaged through hundreds of mice and tsetse flies There 
are reasons for believing that, in parts of Africa, resistant strains 
are becoming increasingly common as the cause of human disease 
It IS, therefore, important in the interests both of the patient and 
of the community, that dosage should be adequate, especially in 
the case of aromatic arsenical and antimonial compounds. 

Tr. rhodesiense is an organism a/most identical with the Tr 
gambiense, but causing m man a more rapid and virulent form of 
the disease. As a result of immunisation experiments in animals 
It IS found to be a distinct organism serologically. Many experi- 
enced workers believe that Tr. rhodestensc is the same organism as 
Tr. brucei, the cause of nagana in horses, possibly modified by 
passage through man ft certainly is transmitted by (he same fly, 
Glasstna nior^ilans 

A considerable number of trypanosomes are found as parasites 
in other animals The most widespread of these is Tr. Ie^usl, 
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found in the blood of rats in various parts of the world. The 
animal seems to be little injured by the presence of the organism 
and to acquire immunity to it after a few months, when the blood 
is found to be free of trypanosomes. The parasite is transmitted 
by fleas in which the infective trypanosomes are produced in the 
hind gut and voided with the feces, infection taking place through 
fecal contamination. 

Nagana, a very fatal disease affecting animals in various parts 
of Africa, is due to TV. brucei (horses and dogs), Tr. congolense or 
Tr. vivax (cattle). The disease is conveyed by a tsetse fly, Glossim 
morsitanSy and the reservoirs from which the flies are infected are 
the antelopes and other wild animals of the part, which are 
apparently unaffected by the presence of the parasites. Tr. e^ansi 
also affects horses, producing in India the disease known as surra. 

Tr. cruziy a trypanosome which differs considerably in morphol- 
ogy from those described above, is the cause of Chagas’ disease, 
which occurs in Brazil and other parts of South America. The 
parasite is transmitted by a bug, Triaioma megista. 

Diagnosis of African trypanosomiasis is usually made by the 
finding of the trypanosome in blood, cerebro-spinal fluid, or m 
gland juice. In the case of blood infections, the fluid should be 
diluted with saline and examined as a wet preparation. Films 
should also be prepared and stained by Leishraan’s stain. If the 
number of parasites is small, the centrifuging of citraled blood 
and examination of the upper Jaycrof deposited cells may facilitate 
the search. Cerebro-spinal fluid usually requires prolonged 
centrifuging. Inoculation of animals — preferably monkeys, dogs 
or rats — with suspected material and the subsequent finding o 
the parasite in the blood may occasionally enable a diagnosis to 
be made. 

The control of the diseases caused by trypanosomes requires 
the extinction or at least the reduction of the transmitting flies 

by the use of the newer insecticides. It has been found that l-O o 

1-5 g. of suramin, injected intravenously, renders a man insus- 
ceptible to infection by trypanosomes for more than 3 months. 
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Leishmaniasis 

Kala azar, known also as Dum-dum fever and by many other 
names, is a fairly common disease occurring in India, China, 
Malay and m many other tropical countries, either sporadically 
or, more rarely, in epidemic form. It is a chronic disease m which 
the rate of mortality in untreated cases is very high Its outstand- 
ing features are irregular fever, emaciation, anamia, enlargement 
of the spleen and liver, local oedema, and the occurrence of ulcers 
both of the skm and intestine, especially the colon. 



Fig l^.^Letshmanta donovam in Section of Spleen 
’ ^ Venous sinus L C Lymphoid cell R Reticulum E Large endothelial 
phagocytic cell L L donovam A L donovam (greatly enlarged) B 
Leptomonas form of L donovam (greatly enlarged) 

The causal organism {Leishmania donovani or the Leishman- 
Donovan body) is found m enormous numbers in films made from 
the spleen or liver. It is most usually oval or of cockle-shell 
shape, from 2p. to 4[l in greatest diameter. When stained with 
Lcishman’s stain it ts of a faint blue colour. In the interior are 
to be seen two bodies.— the oval or irregular nucleus, which 
stains pink, and a smaller, a rod-shaped body, the kinetonucJeus, 
which stains a dark red colour. One or more vacuoles may also 
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be distinguished. The parasites are most usually seen in the in- 
teriors of large mononuclear (endothelial) cells. They multiply 
by simple fission until the host cell is distended and bursts, 
liberating them, when they invade new cells. The Leishman- 
Donovan bodies are most frequently seen in the spleen, liver and 
bone marrow and, in smaller numbers, in the lung, kidney, lym- 
phatic glands and ulcers of the skin and intestine, almost always 
in the endothelial cells of blood vessels and lymphatics. They 
may also be found, after prolonged search in many cases, in the 
peripheral blood, usually in either mononuclear or polymor- 
phonuclear leucocytes. 

The organism can be cultivated in the medium of Novy and 
MacNcill used for trypanosome culture. In this medium the 
organism enlarges, becomes elongated and develops a flagellum 
(leptomonas form). It then bears some resemblance to a trypano- 
some, but no undulating membrane Is present. 

The organism is pathogenic for monkeys, rats and mice and, 
to a less extent, for dogs, guinea-pigs and rabbits. Infection is 
most certainly produced by intraperitoneal or intrahepatic injec- 
tion of large amounts of an emulsion of infected tissue or of 
culture. In a few experiments, monkeys have been infected by 
feeding. The occurrence of the parasite in the skin ulcers, in 
discharges from the mouth and nose and in the feces, renders 
direct or indirect infection possible. Dogs may act as reservoirs 
of the organism; but naturally infected dogs are not commonly 
found m India and artificial inoculations frequently fail to produce 
the disease in them. The invertebrate host js a sandfly (Phle- 
botonufs) which transmits the infection by its bite. 

About the shores of the Mediterranean a very similar disease 
IS found, except that it is confined almost entirely to children aged 
from 2 to 5 years. An organism (Leis/unania in/aitfum); which is 
identical morphologically with L. donovani, is found in the same 
situations in the body as is the latter parasite in kala azar. Many 
believe that L infantum is really L. donovani, the virulence of 
which has been modified by passage. Where this disease occurs, 
many dogs are found to be naturaUy infected. It is probable that 


j 
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in the case of this disease the dog acts as a reservoir and that the 
organism is transmitted by the sandfly, dog flea or other insect. 

Diagnosis of the diseases may be made by spleen puncture 
which, if proper precautions are taken, is not dangerous in kala 
azar: liver puncture often reveals the presence of the parasites. 
Prolonged search of blood films may also show the Leishman- 
Donovan bodies, or these may be found in cultures of the blood. 
If enlarged lymphatic glands are present, some of the juice may be 
obtained by gland puncture and examined. The leucopenia, chiefly 



Fic lOJ — Leishmama trvpiea in smear 
FROM Oriental Sore (x 950) 


affecting the polymorphonuclear leucocytes, may assist diagnosis. 

Another condition (Oriental sore, Bagdad button, or Delhi 
boil) 3s due to 4 similar organism. On an exposed part of the body 
a papule develops. This enlarges, becomes covered with scales 
and breaks down, leaving an ulcer. The ulcer enlarges and is 
unaffected by external treatment, healing only occurring after 
many months. 

The organism producing the condition, L. tropica, is m almost 
all respects identical with L. dono\ani It is found in the discharge 
or at the edges of the ulcer, usually within endothelial cells. 
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The disease is inoculable and is transmissible to dogs and 
monkeys, either by injection of the discharge or of cultures. 
Infection may be direct or indirect through the agency of flies or 
other insects. L. tropica, like L. donovani is transmitted by 
sandflies. 

It is usually found that one attack confers a lasting immunity, 
and in animals experiments have shown a certain degree of 
immunity against L. do)\ovani as a result of infection with L. 
tropica and vice versa. The treatment of visceral Leishmaniasis 
has been greatly improved since the introduction of various 
pentavalent organic antimony compounds and more recently of 
the diamidines, of which the most satisfactory is pentamidine. 


— n>x‘- • 



CHAPTER XLVII 


PATHOGENIC FUNGI 

Certain pathological conditions either of the skin or, less com- 
monly, of the subcutaneous tissues or of the viscera, have been 
found to be due to fungi. The most important of these resemble 
in many ways the moulds, but some are similar to the yeasts. In 
all these organisms we find that the morphology and methods of 
reproduction are of the simplest character while they are parasites, 
but when growing saprophytically, as on artificial media,, the 
structure and mode of reproduction of many of them are com- 
plicated, and enable them to be grouped with the moulds com- 
monly found in damp places under natural conditions. 

Parasitic mycology is now a subject of considerable magnitude, 
and here it is impossible to give more than a brief outline of some 
of Its most important points. A word as to the special methods 
involved is first necessary. In ringworm of the scalp the hairs to 
be examined should be taken from around the edge of the affected 
area. A convenient method of obtaining material from the nails 
IS to scrape them with a microscope slide which has been broken, 
leaving a sharp edge Epithelial scales from the skin may be 
detached with a forceps. For microscopic examination of the 
parasites in hairs and epithelial scales, the simplest method is to 
place the fragment in a drop of 40 per cent potassium hydrate 
solution on a slide and cover with a cover slip. The slide is then 
gently warmed, and in a few moments hairs arc ready for examina- 
tion. A. much longer time (2 or 3 hours) is advisable in the case of 
epithelial scales. The alkali dears the tissue and the details of the 
fungus can be made out quite well. Staining methods are trouble- 
some and not always satisfactory. 

Many of the parasites can be cultured, and a suitable medium 
b agar containing 1 per cent, of peptone without meat extract, 
Sll 
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but With 4 per cent, of cither maltose or glucose. The reaction 
should incline to the acid rather than to the alkaline side of 
neutrality. Aerobic conditions are essential and a temperature 
somewhat below that of the body usually gives best results, 
although growth takes place either at air or at body temperature. 
One noteworthy feature of the cultures of these organisms is that 
very slight dilTcrence.s in the composition of the medumr, even 
such as that found in two batches of media made according to 
the same formula, exercise great diflererices in the type of colony 
produced. For this reason it is diflicuit in many cases to recognise 
a fungus from the appearance or colour of the colony. 



Fio 102 —Microsporon audouini JN Hatr 
(X 250) 


Ringworm is of two chief types, and these are due to the action 
of two diflerent varieties of fungi. The ringworm which occurs 
almost exclusively in children, particularly on the scalp, is due to 
a Microsporon\ that found in adults on the beard, hairless skm 
and nails and very rarely on IhescaJp, is caused byaTnchophytoti. 

Microsporon audouini is found in affected hairs and epitheha 
scales as filaments, which have a diameter nf about 2^ to 5}i. 
These first appear in the superficial part of the epidermis, but soon 
they penetrate the hairs at the level at which they emerge from 
their sheaths. The filaments, ivhich grow along the hair dona- 
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wards and for a short distance upwards, when carefully examined, 
are found to be branched The filaments are not continuous, but 
their protoplasm is separated by cross divisions, which occur at 
some distance from one another In many cases the hairs may 
show but slight signs of invasion, since the most marked activity 
of the parasite is not in the interior but on the exterior of the 
infected hair which it covers. Towards the ends of branches the 
septa occur at closer and closer intervals, so that these branches 
end in a short chain of small, irregularly spherical spores measur- 
ing from 2n to 3p. m diameter. The whole of the exterior of the 
hair is covered with a layer composed of enormous numbers of 
these spores so tightly pressed together that they have assumed 
a polyhedral shape. 

This parasite affects man exclusively, and 
occurs but rarely after the age of puberty. 

It has not commonly been found possible 
to infect either rabbits or guinea-pigs, and 
only a few successful inoculations have been 
recorded. There are, however, other varie- 
ties of microspora, which occur naturally 
m animals but are also pathogenic for 
man 

On glucose or maltose agar M. at(doutiu grows well. The 
colonies, after about a fortnight, are large, of a white colour and 
covered with a delicate downy layer In the centre there is usually 
a distinct elevation from which furrows pass towards the peri- 
phery, or occasionally an arrangement of concentric rings is seen. 
In cultures other methods of reproduction are observed 
chlamydospores which arc swollen, ovoid cells situated in the 
course of certain hyphx, and conidia, small spores 2fx to 3[i by 
3iz to 4fi. arranged along the sides of hyphx Cultures of animal 
microspora may be distinguished from those of M- audomnt by 
the occurrence of large spindle-shaped bodies measuring from 1 5fi 
to 20[i by 40[.i to COji These contain a number of cells and arc 
situated at the free ends of hyphx. 

Ringworm caused by various species of Trichophyton affects 

HB— IL 
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but with 4 per cent, of either maltose or glucose. The reaction 
should incline to the acid rather than to the alkaline side of 
neutrality. Aerobic conditions are essential and a temperature 
somewhat below that of the body usually gives best results, 
although growth takes place either at air or at body temperature. 
One noteworthy feature of the cultures of these organisms is that 
very slight differences in the composition of the medium, e\en 
such as that found in two batches of media made according to 
the same formula, exercise great difTerchces in the type of colony 
produced. For this reason it is difiiciJlt in many cases to recognise 
a fungus from the appearance or colour of the colony. 



FlO 102 — AUcnfsporon audouini JN HaIJI 
(X250^ 


Ringworm is of two chief types, and these are due to the action 
of two different varieties of fungi. The ringworm which occurs 
almost exclusively in children, particularly on the scalp, is doe to 
a Aficrosporon-, (hat found in adults on the beard, hairless skin 
and nails and very rarely on the scalp, is caused by a T 'iclwphyion. 

Aficrosporon audouini is found m affected hairs and epitheual 
scales as filaments, which have a diameter of about Ip to 5}x. 
These first appear m the superficial part of the epidermis, but soon 
they penetrate the hairs at the level at which they emerge from 
their sheaths. The filaments, which grow along the hair down- 
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occur in man and animals, both in the interior and on the exterior 
of the hair. In a hair infected with a human Tnchophvwn. 
branched mycelial filaments almost fill the hair, but in these the 
septa are so closely arranged that only chains of spores, which 
measure from 4[j. to 6[i in diameter, are seen. In the animal 
trichophyta the filaments are found both inside and around the 
hair. The spores in this case arc more irregularly arranged 
Different types of both human (T. cratenforme, T. acuminatum) 
and animal {T. gypseum, T. felintim, etc.) trichophyta may be 
distinguished by their cultural characteristics. The colonies are 
usually white or grey, but in some a brown or violet colour may 
develop later. The central portion is elevated, with or without a 
small depression. Around the periphery delicate branches spread 
over the surface of the medium. The whole is covered with a ne 
downy layer. Some types show a marked arrangement of furrow-s 
running radially from the centre towards the periphery. In cul- 
tures, the reproductive organs 
include conidia, which differ 
from those of Microsporon, 
since the spores are produced at 
the ends of short branches 
arranged along the course of a 
hypha, while m the Micro- 
sporon the conidia are attached 
directly to the hypha. Large 106— Colonies of Tneho- 

spindle-shaped organs occur phyton on Glucose Aoar (x 1) 
which resemble those of a 
Microsporon, but the chlamy- 
dospores are round and not 
ovoid. In the trichophyta the 
terminal portion of certain 
hyphre is found to be arranged 
as a close spiral with from 8 to 
10 turns. The object of these 
spiral filaments is unknown, but 
their occurrence is sufficient to 
distinguish a Tnehoph) an from a Microsporon. 



FiG 107— Colonies of 
Achorwn schanletni ON 
Glucose Agar (x 1) 
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man at all ages. These fungi may cause disease in the beard, 
smooth parts of the body or in the scalp and nails. In these forms 
of ringworm there is more inflammation, and pus may be present. 



Fra. \0^.—Trkhophyicn endoihnx IN 
Hair (x 250). 



The parasites may be divided into two types-lhe endothnx con- 
tL bitmap race, in which the organism is found chieflym . 
the mte tor of the hairs; and the endo-ectothnx types, wb.ch I, 
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from an unopened abscess 
should be obtained and 
thickly spread on glucose or 
maltose agar slopes. The 
colonies, sshich at first are 
light in colour, darken to a 
chocolate brosvn as they get 
older. The surface is con- 
voluted, and freouentlv th* at sporoukhum 

centre shotvs a depression. " 

Arontrcl the periphery of ihe colony a «hit: border is ..een. 





Fig. 103/ — Monflia O Ia 

TV»E (/ 70fi3. 

The serum of a patient suffering from i.porotrii.liosis iigt'Iiill/i- 
cs the spores of the fungus in many raso up lo 1 , HKK). 'IIm* 
presence of other fungi or of actinomyocs in llic liody ni.iy chus<* 
a false agglutination, and for diagmnh « litre of iiul Icsi limn 
• 200 IS essential. The sporotneha arc p.Mlioj/rnlu for olliri 
animals— the mouse, rat anddogespcti.il!y nrul in llinii prinlnn* 
granulomata or multiple abscesses in the lnlcrn:il oryiiih. I'nliisfi 
lum iodide is an almost specific trcatmcnl for the (oikIiUmii 
T hrush is a disease chiefly ofchildfiocHl, in svliltli while P‘ili hri 
occur on the mucous membrane of Ihe month or [iliiifyiu, I li^ 
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Favus, H'hicli alTccls chiefly the scalp of children, is almost 
always due to the Achorion scfurtthmi. A cup-shaped crust, the 
scutulum, which is of a yellow colour, forms about a hair. The 
scutufum is made up of a felted mass of fine, septate, branching 
filaments, measuring from 2{ji to 3p in diameter. In the central 
pari the cross divisions approximate, leading to the production of 
rectangular spores. In the hair Itself chiefly the spores arc seen, 
and these show considerable \*ariations in size. 

The colonics arc of a grey or brown colour. They may be cup- 
shaped, but more usually show a warty or convoluted pattern. 
The edge iS generally sharply defined and without the finely 
branching arrangement seen frequently in the microspora and 
trichophyta. The surface may appear to be covered uiih fine 
powder, but is not downy like tbc colonics of the nngsvorm 
organisms. In cultures, one of the most characteristic features is 
the occurrence of o\ oid bodies of a yellow colour, situated usually 
at the ends of (he filaments and measuring about in diameter. 
Conidia arc produced on the ends, or along the sides of some 
filaments. Achorion scfi<rnlcini Is only slightly pathogenic for 
animals. Of these the mouse Is most easily infected, and in that 
animal a scululum is produced. Other varieties, of which the 
most important is Achorionqitmckeanum, occur naturally on other 
animals and arc capable of infecting man. 

Sporotrichosis is a rather rare condition in which granulomala 
arc found, most commonly In the subcutaneous tissue and less 
often m the bones and viscera. The granulomata, which at first 
arc hard and elastic, soften and break down, erupting on the 
surface through fislulx from which serous pus is discharged. The 
lymphatic vessels become hard and thickened and along their 
course nodules may develop which also ulcerate. The lesions, 
which arc very chronic, arc commonly mistaken for those of 
syphilis or tuberculosis. In the discharge the causative organism, 
Sporotnchum bourmami or 5. schenki may be found either m the 
form of oval spores 3ii to 6{i in length or, less commonly, as a 
mycelium. In the majority of eases, however, no parasite is dis- 
covered microscopically in the discharge. For culture, the pus 
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from an unopened abscess 
should be obtained and 
thickly spread on glucose or 
maltose agar slopes. The 
colonies, which at first are 
light in colour, darken to a 
chocolate brown as they get 
older. The surface is con- 
voluted, and frequently the 
centre shows a depression. 
Around the periphery of the 



Fig t08 — Colonies of Sporotrichum 
beurmanni ON Glucose Agar (X 1) 

colony a white border is seen. 



Fig 109 — Momba from Broth Cul- 
ture (X 700) 

The serum of a patient suffering from sporotrichosis agglutin- 
ates the spores of the fungus in many cases up to 1 1000. The 
presence of other fungi or of actinomyccs in the body may cause 
false agglutination, and for diagnosis a titre of not less than 
1 1 200 is essential. The sporotncha arc pathogenic for other 
animals — the mouse, rat and dog especially — and in them produce 
granulomata or multiple abscesses in the internal organs Potass- 
ium iodide IS an almost specific treatment for the condition. 

Thrush is a disease chiefly of childhood, in which white patches 
occur on the mucous membrane of the mouth or pharynx. The 
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EHRLICH’S REAGENT 


/’flrfl-dimethylamidobenzaldehyde 1 g. 
Absolute alcohol ... 95 ml. 

Concentrated hydrochloric acid. 20 ml. 

GLUCOSE 

Glucose 100 g. 

Water 1000 ml. 

Dispense in 10 ml. amounts in tubes or bottles and sterilise by 
autoclaving at 115° for 15 minutes. 

SALINE 

Sodium chloride . . 8*5 g. 

Water 1000 ml. 


Dispense in tubes, bottles or flasks and sterilise by autoclaving 
at US” for 15 minutes. 

STAINING SOLUTIONS 

In the case of staining solutions containing alcohol and water, 
the dry stain should be dissolved in the alcohol and the water 
added to the solution. 

All staining solutions should be filtered a few days after they 
have been prepared. 

Some staining solutions (e.g. carbol fuchsin) are liable to 
precipitation. They should be filtered directly on to the slide. 

ACID ALCOHOL 


Hydrochloric acid ... 3 ml. 

95 per cent, alcohol . . 100 rnl. 

ALBERT’S STAIN 

Toluidin blue . • - • 0l5g. 

Malachite green . • 0 20 g. 

95 per cent, alcohol ... 2 ml. 

Glacial acetic acid . . I ml. 
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ALKALINE METHYLENE BLUE (LOFFLER’S) STAIN 
Saturated alcoholic solution of 
methylene blue . . 30 ml. 

1 per cent, aqueous potassium 
hydrate solution 1 ml. 

Water . . . . 100 ml. 

Polychrome methylene blue is better for the staining of C. 
diphtheria. This is alkaline methylene blue which has been ripened 
by storage for several months in half-filled bottles which are 
shaken at intervals. 

BISMARCK BROWN STAIN 


Bismarck brown 

1 B- 

Water 

500 ml. 

CARBOL FUCHSIN STAIN 

Basic fuchsin . 

1 e 

95 per cent, alcohol 

10 ml. 

Phenol , 

5g. 

Water . 

100 ml 

DILUTE CARBOL 

fuchsin STAIN 

Carbol fuchsin stain 

I part 

Water 

14 parts 


CARBOL THIONIN 
Thionin 
Phenol 
Water . 

For use, dilute 1 in 4 with svatcr. 


BLUE STAIN 

1 g- 

2 5g. 

. lOO ml. 


CHRYSOIDIN STAIN 

Chrysoidin 
Water • 


1 g. 

300 ml. 
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CRYSTAL VIOLET STAIN 
Crystal violet . , . . 0-5 g. 

Water lOO ml. 


FONTANA’S STAIN 

1. Acid Formalin Solution (fixative) 

Acetic acid .... I ml. 

Formalin . . . , 2 ml. 

Water 100 ml. 

2. Tannic Acid Solution (mordant) 

Tannic acid .... 5 g, 

Phenol 1 g. 

Water 100 ml. 

3. Silver Solution 

1 per cent, aqueous silver nitrate solution 5 ml. 

To this add, drop by drop, 10 per cent, aqueous solution of 
ammonium hydrate. Continue the addition with constant shaking 
until the turbidity, which appears, almost completely disappears. 
If the fluid becomes completely clear, add more of the silver 
nitrate solution until faint turbidity appears and persists. 

!V.B . — This solution should not be kept for more than a few 
hours as, on keeping, a violent explosive forms. 

LEISHMAN’S STAIN 


Leishman’s powder . 0 15 g. 

Methyl alcohol (pure, acetone free) 100 ml. 

LUGOL’S IODINE 

Iodine I'Og- 

Potassium iodide . . • 2-0 g. 

Water 


MALACHITE GREEN STAIN 
Malachite green . . • ® ^ 8- 
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METHYL VIOLET STAIN 


Methyl violet {6B) . . 0 5 g. 

Water . . . . 100 ml. 

NEISSER’S METHYLENE BLUE STAIN 
Methylene blue . . 1 g. 

95 per cent, alcohol . . 50 ml. 

Glacial acetic acid 50 ml. 

Water . . . 950 ml. 

NEUTRAL RED STAIN 
Neutral red . . . 1 0 g 

1 per cent, aqueous acetic acid 
solution 2 0 ml. 

Water . . 1000 ml. 

NEUTRAL RED AND CARBOL FUCHSIN STAIN 
Carbol fuchsm stain 5 0 ml. 

Neutral red stain 95 0 ml. 

NIGROSIN SOLUTION 
Nigrosin (Gurr) 10 Og. 

Water 100 0 ml 

Formalin • ® ^ 

PAPPENHEIM’S STAIN 
Methyl green (free from methyl 

violet) • >0 e- 

Pyronin . • • 0 25 g. 

95 per cent alcohol . . 5 0 ml 

Glycerol • 20 0 ml. 

Phenol 2 0 g. 

Water 1^ 
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PUGH’S STAIN 

Toluldin blue .... o-l g. 
95 per cent, alcohol . . 5 0 ml. 

Glacial acetic acid . . . 20 ml. 

"'aler 100 ml. 

SAFRANIN STAIN 

Safranin . . . . lOg. 

Water 100 ml. 


CULTURE MEDIA 
Media for General Purposes 
BROTH (WRIGHTS METHOD) 


Peptone ... . 10 g. 

Sodium chloride ... 5g. 

Minced meat, free from fat . 500 g. 

Water 1000 ml. 


Mix. Heat at 68® for 20 minutes with constant stirring. Steam 
30 minutes. Filter through paper. Adjust to pH 8-0. Steam 30 
minutes. Filter through paper. Adjust, If necessary, to pH 74 
with dilute HCl. Dispense in lubes or bottles. Sterilise in the 
autoclave at 115° for 15 minutes. 

LEMCO BROTH 


Lab. Lemco ... 5 g. 

Peptone . . 

Sodium chloride . . • 5 g. 

Water 


Steam 30 minutes. Adjust to pH 8 0. Steam 30 minutes. 
Adjust to pH 7 4. Filter through paper. Dispense in tubes or 
bottles. Sterilise in the autoclave at 1 15® for 15 minutes. 
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Peptone. . , lOg. 

Sodium chloride . . 5 g 

, 1000 ml. 

Steam Adjust to pH 7 4. Filter. Dispense m tubes or bottles 
Sterilise in the autoclave at 115* for 15 tmnutes. 

AGAR 

Agar powder . . . 20 g 

Broth 1000 ml. 

Steam 1 hour. Adjust to pH 7 4. Steam I hour. Filter (in 
steamer or jacketed funnel) through paper or cotton wool. If 
cear medium is required, add the white of two eggs beaten up 
with a little water to the medium cooled to 50° before second 
steaming. Dispense in tubes or bottles. Sterilise in the autoclave 
at 115° for 15 minutes. 

GELATIN 

Gelatin . ... 150 g. 

Broth 1000 mV 

Steam 30 minutes. Adjust to pH 7.4. Add egg as for agar. 
Steam i hour. Filter. Dispense m tubes or 1 oz. round, screw cap 
bottles Sterilise in the steamer by the intermittent method. 

SUGAR MEDIA 

Carbohydrate • • 1 g- 

Andrade’s indicator . 1 nil. 

Peptone water (pH 7 2) 100 ml. 

The medium, when cold, should be practically colourless. At a 
temperature of 100°, it should be slightly pink. The above holds 
good for the usual carbohydrates (lactose, glucose, maltose, 
saccharose and mannitol). Dulcitol is used in a concentration of 
0 5 per cent Sugar media, dispensed m Durham tubes, arc 
stenlised in the steamer by the intermiuent method. 
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LACTOSE BILE SALT BROTH 
Sodium taurocholate , , 5 g. 

Peptone 20 g. 

Water looo ml. 

Dissolve by boiling. Adjust to pH 7-2. Stand overnithl. 
Filter. Add: 

Lactose ..... 10 g. 

Andrade’s indicator . . 10 ml. 

Dispense in Durham tubes and bottles. Sterilise in steamer 
by intermittent method. 

Media for the Culture of C. DIPHTHERIA 
COAGULATED SERUM MEDIUM {LOFFLER) 

Serum 300 ml 

Broth containing I per cent, glucose 1 00 ml. 

Dispense in lubes. The amount added to each should be such 
that, when the tube is sloped at an angle of 15® with the hon- 
zontal, the fluid reaches from one-third to one-half way up the 
tube. They are so arranged in an inspissalor, the temperature of 
which is slowly raised to 85® at which it is held for 2 hours. If 
the serum was sterilised by hitration through a Seitz filter, this 
will be sufficient to sterilise it. If not, the slopes should be 
sterilised in the upper part of a steamer by the intermittent method. 
Serum slopes should be incubated for 2 days prior to use to detect 
any which are contaminated. This medium deteriorates quite 
rapidly in tubes as a result of drying. Unless the turnover is 
considerable it is, therefore, advisable to use I oz. round, screw 
cap bottles in place of tubes. These, each containing 5 ml. of the 
mixture, should be inspissated in the horizontal position. 

HOYLE'S MEDIUM 

Citrated horse blood (stenie) 100 ml- 

10 per cent, sterile saponin solution 5 ml 

Warm the blood to 37® in incubator, add the saponin solution, 
mix without frothing, incubate 15 minutes. 
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If precautions to maintain sterility are observed, the resulting 
solution can be kept in a screw cap bottle in the refrigerator for 
several months. 

( 2 ) 

Potassium tellurite ... 3-5 g. 

Water . . . 100 ml 

Keep in screw cap bottle in the dark 

( 3 ) 

Melt 100 ml. agar made from Lemco broth (preferably with 
Difco proteose peptone), cool to 55®, add 5 ml blood preparation 
and 1 ml. tellurite solution. Mix. Pour plates 


Media for the Isolation of Intestinal Bacteria 
BUFFERED GLYCEROL SALINE 


Sodium chloride 0 6 g. 

Disodium hydrogen phosphate 

(anhydrous) . . I g. 

Glycerol ... 30 ml. 

0 02 per cent, aqueous phenol red 1 5 ml. 
Water . . . 70 ml. 

Heat in steamer to dissolve 


Dispense in wide mouth, screw cap bottles Sterilise in auto- 
clave at no® for 15 minutes. This solution is used to preserve 
specimens of fieces for culture of intestinal pathogens. If the pink 
colour changes to yellow, indicating the development of an acid 
reaction, it is useless. 


MacCONKEVS medium 
S odium taurocbolate • • 3 g. 

Agar powder . - • S- 

Peptone water - 1^ 

Steam 1 hour Adjust to pH 7 4. Steam 1 hour. Filter as for 
agar. Add 

Lactose • 

1 per cent, aqueous neutral red 2-5 ml. 

Dispense m tubes and bottles. Sterilise m the steamer by the 
intermittent method. 
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desoxycholate-citrate medium 

(Lcifson’s Medium as modified by Hynes) 

(0 

Eab. Lemeo .... 20 g. 

Peptone (Difeo proteose) . , 20 g. 

Water 200 ml. 

Dissolve with aid of heat. Adjust pH to 9 0 with 50 per cent. 
NaOH solution. Boil. Filter. Adjust to pH 7 3. Make up 
volume to 200 ml. 

( 2 ) 

Agar powder . . . . 90 g. 

Water 3700 ml. 

Dissolve in steamer. Filter. 

(3) 

Mix 1 and 2 vhilc both are still hot. Add: 

2 per Cent, aqueous solution of 

neutral red ... . 5 ml. 

Lactose 40 g. 

Bottle in accurate 100 ml. volumes. Sterilise in steamer by 
intermittent method. 

(4) 

Sodium citrate (crystals) (A.R.) . 17 g 

Sodium thiosulphate (crystals) (A.R.) 17 g. 

Ferric citrate (Seale) . . 2 g. 

Water . . - • • 10® 

Dissolve with gentle heat. Heal for 1 hour at 60® in screw cap 
bottle. 

(5) 

■^Sodium desoxychqiam • 1® S- 

Water 100 ml. 

Heat for I hour at 60” in screw cap bottle. 


For use: 

No. 3 (melted in steamer) . 1®® ml. 

No. 4 5"' - 

No 5 . • • ^ ^ ’ 

Use sterile precautions. Use separate pipettes for No. 4 and 
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No. 5 and mix well after each addition Pour plates immediately 
and dry the surface in the incubator. The final medium does not 
keep. The three ingredients (Nos 3, 4 and 5) can be kept for 
months 


WILSON AND BLAIR’S MEDIUM 

( 1 ) 

Bismuth-ammonium-citrate (scale 

preparation) . 30 g* 

Water . • 250 ml. 


Boil. 


( 2 ) 

Sodium sulphite (anhydrous) 
Water 


100 g. 

500 ml. 


Boil 


(3) 


Mix 1 and 2 while both are at boiUng point and at once add: 
Sodium phosphaie(Na8HP04, 12H2O) 100 g. 

Cool, 


50 g. 
250 ml 


2 g. 

0 25 g. 
200 ml. 



(4) 

Glucose 

Water 


Boil. Cool. 

(5) 

Mix 3 and 4. 

(6) 


Ferric citrate (scale preparation) 

Brilliant green 

Water 


20 ml 

No- 5 4 5 ml 

No 6 ,100 ml. 

Nutr.cnt 

No, 5 nnd 6 T.c,= should be noxed before .he oecc.a^ 
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amounts are measured as any deposits which have formed must 
be included. The whole is mixed and poured into plates which 
are dried in the incubator before use. Nos. 5 and 6 keep for 
months. The final medium should be used on the day it is 
prepared. 


TETRATHIONATE BROTH 

0) 

Chalk 25 g. 

Broth 900 ml. 

The chalk should have been autoclaved and dried before being 
added to the broth. 

Steam for 30 minutes. 


( 2 ) 


Sodium thiosulphate (crystals) . 

600 g. 

Water . 

. . to 

1000 ml. 

Steam for 30 minutes. 

(3) 


Iodine . 


60 g 

Potassium iodide 


50 g. 

Water . 

to 

200 ml. 

Grind the iodine and potassium iodide in 

a mortar before the 

water is added. 

(•>) 


No. 1 . 


18 ml 

No. 2 . 


20 ml. 

No. 3 . 


4 ml. 


Mix the constituents before measuring and the mixture before 
dispensing. Dispense, with sterile precautions, in sterile tubes. 
Sto 10 ml. in each. 

Ttic medium as prepared for use should not be kept for more 
than tt few days. The constituents I, 2 and 3 keep indefinitely. 
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SELENITE MEDIUM 
Sodium acid selenite ... 4 g 

Peptone 5 g. 

Lactose , . , . 4 g. 

Disodium hydrogen phosphate 
(NajHPO,) . . . 9 5 g. 

Sodium dihydrogen phosphate 

(NaHjPOJ . 0 5 g. 

Water . . 1000 ml. 


The peptone should be dissolved m the water with the aid of 
heat and the other ingredients added when the peptone solution 
is cool. The pH of the medium should be adjusted to 7 1 b^ 
further addition of either Na2HP04 or NaHjPO,. Dispense in 
10 ml amounts m tubes or screw cap bottles. Sterilise by steaming 
for 30 minutes. The formation of a slight red precipitate is of no 
importance. 


Media for the Culture of Tubercle Bacilli 
GRIFFITH’S EGG MEDIUM 
Eggs, not more than 24 hours old, are scrubbed, immersed in 
boiling water for 10 seconds and then in spirit When dry, they 
are opened, with aseptic precautions, and the contents transferred 
to a sterile graduated cylinder. To the eggs one-half their volume 
of sterile saline is added The mixture is shaken, with a rotary 
movement, in a stenie flask for 20 minutes and is filtered through 
sterile gauze into a sterile flask A sufficient amount of a solution 
of basic fuchsin is added to give the medium a pale pink colour. 
The mixture is dispensed in 5 ml. amounts in 1 oz. screw cap 
bottles which are inspissated in a horizontal position at 85 for 
45 minutes. Next day they are held at the same temperature for 
IJ hours ,, , , 

Glycerol egg medium is prepared by adding to the cgg-saline 
mixture sufncient glycerol to give a concentratioa ol 5 per 
cent. 


1— MM* 
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amounts are measured as any deposits which have formed must 
be included. The whole is mixed and poured into plates which 
are dried in the incubator before use. Nos. 5 and 6 keep for 
months. The final medium should be used on the day it is 
prepared. 


TETRATHIONATE BROTH 

( 1 ) 

Chalk 25 g. 

Broth 900 ml. 

The chalk should have been autoclaved and dried before being 
added to the broth. 

Steam for 30 minutes. 


( 2 ) 

Sodium thiosulphate (crystals) . 600 g. 

Water .... to 1000 ml. 

Steam for 30 minutes. 

( 3 ) 

Iodine 60 g 

Potassium iodide ... 50 g 

Water .... to 200 ml. 

Grind the iodine and potassium iodide in a mortar before the 
water is added. 

( 4 ) 

No. 1 18 ml 

No. 2 20 ml. 

No. 3 4 ml. 

Mix the constituents before measuring and the mixture before 
dispensing. Dispense, with stenie precautions, in sterile tubes, 
5 to 10 ml. m each. 

The medium as prepared for use should not be kept for more 
than a few days. The constituents 1, 2 and 3 keep indefinitely. 
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Adjust pH to 6-8, dispense in 5 ml. amounts in tubes and auto- 
clave. When cold, add 0.2 ml of 5 per cent bovine albumin 
(plasma fraction V), sterilised by filtration, and 0 25 ml of a 
10 per cent, glucose solution, stenlised by autoclaving Bacto 
Casitone (an enzymatic digest of casein) may be obtained from 
the Difco Laboratories, Detroit; Tween 80 (a water soluble 
synthetic ester of oleic acid) from the Atlas Powder Co , Wilming- 
ton, Delaware, and bovine plasma fraction V from the Armour 
Laboratories, Chicago. 


/ Media for the Culture of Anaerobic Bacteria 
MINCED MEAT MEDIUM (ROBERTSON) 

Minced beef, free from fat . 500 g 

N/20NaOH . .500 ml 

Add the meat to the liquid while the latter is boiling and simmer 
for 20 minutes Strain through muslin and discard the fluid 
Spread the meat on filter paper to dry. Put the dry meat m tubes 
or 1 02 screw cap bottles to a depth of about 2 cm and add broth. 
If only a small amount of broth is used, giving a layer of about 
2 cm. in depth, the tubes or bottles should be heated m a water 
hath at 100* for half an hour to expel air and the surface of the 
broth covered with a layer of liquid paraffin 1 cm, deep By using 
narrow tubes and increasing the depth of the broth layer to 5 cm., 
the oil may be dispensed with. Sterilise in the autoclave at 115* 
for 1 hour. Tubes or bottles of this medium should be heated m 
boiling Water for a few minutes to expel dissolved oxygen and 
cooled immediately before use. 


THIOGLYCOLLATE MEDIUM (BREWER) 
Sodium thioglycollate . 1 6- 

Agar powder . 0 5 g. 

Glucose . . . 5 g. 


1 per cent, aqueous methylene blue 
Broth 

Steam to dissolve the agar. Dispense in 


0 2 ml. 

1000 ml. 
tubes to a depth of 


8 cm Autoclave at 115° for 1 hour. , . 

The methylene blue is an indicator of the oxygen-re uc ion 
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LOWENSTEINJENSEN MEDIUM 
Potassium tfihydrogen phosphate 


(KHaPO^) . . 

. 2-40 g. 

Magnesium sulphate . 

. 0 24g. 

Magnesium citrate 

0 60g. 

Asparagin 

3-60 g. 

Glycerol . 

• n g. 

Water 

. 600 ml. 


Dissolve with the aid of heat and allow to cool. Add: 
Potato starch . . , . 30 g. 

Mix and heat in a water bath at 56° with constant stirring f< 
about 20 minutes by which time a satisfactory paste should t 
produced. Continue heating at 56° for 1 hour. 

A sufficient number (20-22) of fresh eggs are used to yield IOC 
ml. of egg-yolk mixture. They are prepared, mixed and filtered t 
for Griffith’s medium, but without the addition of saline or basi 
fuchsin. Mix the salt-starch paste(at 56 °)and the egg fluid and adc 
2 per cent. aQueoos malachite green — . 20 ml. 

Dispense in 5 ml. amounts In 1 oz. screw cap bottles. These ar 
heated in a horizontal position in an inspissator at 75° for hal 
an hour. They are left in the inspissator overnight and agaii 
heated at 75° for half an hour. 


DUBOS MEDIUM 


Potassium dihydrogen phosphate 
(KHjPO*) 

Disodium hydrogen phosphate 
(NajHPO*. I2H,0) 

Calcium Chloride 


1 0 g. 

6-5 g. 
OOOOig. 


Magnesium sulphate 
Zinc sulphate 
Copper sulphate 
Ferric ammonium citrate . 
Asparagine 
Bacto casitone 
T ween 80 ' 

Water . • ♦ • 


0 001 g. 

00001 g. 
0 0001 g. 

0 05 g. 

2 0 g. 
20 g. 
0-5 g. 

1000 ml. 
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Adjust pH to 6‘8, dispense m 5 ml amounts tn tubes and auto- 
clave. When cold, add 0.2 ml. of 5 per cent bovine albumin 
(plasma fraction V), sterilised by filtration, and 0 25 ml. of a 
10 per cent, glucose solution, sterilised by autoclaving Bacto 
Casitone (an enzymatic digest of casein) may be obtained from 
the Difco Laboratories, Detroit, Tween 80 (a water soluble 
synthetic ester of oleic acid) from the Atlas Powder Co., Wilming- 
ton, Delaware; and bovine plasma fraction V from the Armour 
Laboratories, Chicago. 


/ Media for the Culture of Anaerobic Bacteria 
MINCED MEAT MEDIUM (ROBERTSON) 

Minced beef, free from fat 500 g. 

N/20 NaOH 500 ml 

Add the meat to the liquid while the latter is boiling and simmer 
for 20 minutes. Strain through muslm and discard the fluid 
Spread the meat on filter paper to dry. Put the dry meat in tubes 
or 1 oz. screw cap bottles to a depth of about 2 cm. and add broth. 
If only a small amount of broth is used, giving a layer of about 
2 cm. in depth, the tubes or bottles should be heated in a water 
bath at 100* for half an hour to expel air and the surface of the 
broth covered with a layer of liquid paraflin 1 cm deep. By using 
narrow tubes and increasing the depth of the broth layerto 5 cm , 
the oil may be dispensed with. Sterilise in the autoclave at 115 
for 1 hour. Tubes or bottles of this medium should be heated m 
boiling water for a few minutes to expel dissolved oxygen and 
cooled immediately before use. 


THIOGLYCOLLATE medium (BREWER) 

Sodium thioglycollatc • I 8* 

Agar powder . ^ ^ 8- 

Glucose • • • 

1 per cent, aqueous methylene blue 0 2 ml. 

Broth • ' . 1000 ml. 

Steam to dissolve the agar. Dispense in tubes to a depth of 


8 cm Autoclave at 115° for I hour. 

The methylene blue is an indicator of the oxygcn-rcduction 



534 HANDBOOK OF BACTERIOLOGY 

potential. If more than a very narrow zone at the surface is of a 
blue colour, the tubes should be immersed in boiling water and 
cooled before use. 

Media for DifTcrentiating Coliform Bacteria 


BUFFERED GLUCOSE BROTH 


Peptone (preferably Difeo proteose) 

5g. 

Glucose 

5g. 

Dipotassium hydrogen phosphate 


(K.HPO,) .... 

5g. 

Water 

800 ml. 


Steam to dissolve the peptone. Cool. Filter. Make up volume 
to 1000 ml. Dispense in tubes, 10 ml. in each. Sterilise in steamer 
by the intermittent method. 

^ CITRATE MEDIUM (KOSER) 


Sodium ammonium phosphate . 1-5 g. 

Potassium dihydrogen phosphate 1 g. 

Magnesium sulphate ... 0-2 g. 

Sodium citrate (crystals) . . 2*5 g. 

Water . ... 1000 ml. 


Dispense in tubes, 10 ml. in each. Sterilise by autoclaving at 
115® for 15 minutes. 



McCRADY’S PROBABILITY TABLE-- - 


Number of samples and volume of each. 


Number giving positive result 


Probable number of 
Bact. coli per 
100 ml of water 
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potential. If more than a very narrow zone at the surface is of a 
blue colour, the tubes should be immersed in boiling water and 
cooled before use. 

Media for Differentiating Coliform Bacteria 


BUFFERED GLUCOSE BROTH 


Peptone (preferably Difeo proteose) 

5g. 

Glucose 

5g. 

Dipotassium hydrogen phosphate 


(KjHPO^) .... 

5g. 

Water 

800 ml. 


Steam to dissolve the peptone. Cool, Filter. Make up volume 
to 1000 ml. Dispense in tubes, 10 ml, in each. Sterilise in steamer 
by the intermittent method. 

CITRATE MEDIUM (KOSER) 


Sodium ammonium phosphate . 1 5 g. 

Potassium dihydrogen phosphate 1 g. 

Magnesium sulphate . . 0-2 g. 

Sodium citrate (crystals) . . 2-5 g. 

Water .... 1000 ml. 


Dispense in tubes, 10 ml. in each. Sterilise by autoclaving at 
llS® for 15 minutes. 
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Antitoxin— font 
Tetanus, 428, 429 
Antitoxins, Toxins and, 219-225 
Arthus reaction, 245, 246 
Aseptic surgery, 155 
Atebrm, 498 

Atopy, 243, 248, 249 * 

Attenuation of bacteria, 203, 204 
Aureomycin, 163, 164 
Autoclave, 40, 41 
Auto-intOxication, 187 
Autotrophic bacteria, 6, 185 
Avenue of infection, 194 
Avidity of antitoxin, 220 

APS, 90 

APT, 312 


B 

BaciUaeex, 251 

Bacille Calmette-Gu«nn, 396, 397 
Bacilli, 10, 11, 12 
flanWw, 231, 254 
anihracis, 139, 142, 293-300 
Brevis, 163 
mesentencus, 300 
subtilis, 300. 301 
Baeterxirua, 197, 193 
Bacteria, Classification of, 250, 255 
Enumeration of, 82-86 
General properties of, 1-5 
in health and disease, 185-198 
Killing, by heat, 37-41 
Microscopic observation of, 15-36 
Nutrition of, 5-9 
Bacteriacex, 251 

Bactericidal effect of antibodies, 213 
substances, 149 
Bactericidm, 214, 238 
Bacterioidex, 251 
Bacteriolysin, 214, 239 
Bacteriolytic effect of antibodies, ZI3 
Bacteriophage, 484-486 
Typing of Sa/m rypAi by, 96-101, 146 
Bacteriostatic substances, 149 
Bacterioiropin, 217 
Bacterium. 10 
Bacterium, 251, 253. 317 
aerogenes, 56, 61, 176, 321, 322 
cloacir. 322 

col,. 53. 56. 57.61. 139. 142. 176-178, 
317-320 

pneumonia, 139, 322, 324 
Bagdad button, 509 


Bang. 380 

Barntt’s method, 143, 144 
Besrcdka, 214 
Bed bug. 410 
Behnng venule, 135 
Benign lymphocytic chono-meningitis, 
468, 469 

Bcrgey's Manual, 250 
Berkcfeld filter. 87-89 
Bismarck brown, 27, 521 
Biotin, 8 

Blastomycetes, 518 
Blepharoplast, 502 
Blood agar. 70. 71. 140 
Citratcd, 62 
culture, 131-134, 341 
film. Preparation of. 21, 22 
for culture media, 62 
Obtaining, from animals, 90, 91 
BoaS'OppIer bacillus, 358 
Boeck and Drbohlav, Medium of, 502 
Boiled blood agar, 50 
Boils. 259 
Bordet. 238 
and Cengou, 240 
Medium of, 377 
•Gengou phenomenon, 241 
BorreUo. 251,254, 408 
berbera, 410 
carter,, 410 
diilicnll, 410 
nov^l.eiO 
cbermemt, 408-410 
\incei\t„. 421 
Bostrom, 448 
Botulism, 430-434 
Dottles. Screw-cap, 49 
Brill's disease, 488 
Brazilian spotted fever, 490 
Brewer’s medium, 61, 533 
Broth. 43. .49 

Bufferca glucose, 61, 143, 144, 534 
Lemco, 524 
Tetrathionate, 58 
Wright’s, 524 
Brownian movement, 3. 20 
Bruce. 380 
frvre/£t, 251,253 
ednrrtus, 9. 134, 182. 380-383 
m«Utens,s, 380-382 
SUIT. 380. 381.383 
Brucellex. 251 
Bubo. 480 

Buffered glucose broth. 61, 143,144, 534 
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A 

Abortion in cows, 382, 383 
Absorption of agglutinin, 1 10. 1 11, 1 

Acetic acid, 7 

Acetyl-methyl-carbmol, 7 , 143 
Achonon qmnckeanum, 515 
schaenletmi, 516 
Achromobactenace®, ijj 
Acid alcohol, 520 

Acid- and alcohol-fastijcss, 384, 385 
Acne, 316 
Acridines, 156 
Aetinobaallus, 251, 253, 447 
achnomycemcomitant^ 45 J 
ligniertsi, 451 
Actinomyces, 137, 251, 254 
bovu, 447-451 
griseus, 163 
I 5 ra/i, 450 
lavandalee, 164 
madurtt, 450 
muns, 423 

Actinomycecace®, 251 
Actinomycetales, 251 
Actinomycosis, 447-451 
Adhesion test, 420 
Adjuvants, }92 
Aedes trgypti, 475, 476 
Aerobacter, 251, 252 
aerogenes, 321 
chacce, 322 
Aerobes, 9 

Agar, Nutrient, 45, 47, 50, 525 
slope, 76 

Sloppy, 50 * 

Agglutination, 213 


Albert’s stain, 32, 520 
Alcahgtnes, 251, 252 
5, fttcalis, 357 

Alcohol, 7, 153, 154 
Disinfecting power of, 153, 154 
Alexin, 238 

Alimentary tract. Bacteria of, 186, 187 
Alkaline methylene blue stam, 521 
Allergy, 243 , 249 
All-glass syringe, 132 
Alum precipitated toxoid, 312 . , 

^ Amboceptor, 

Amcebic dysentery, 499-502 
Anaerobes, 9 
Media for. 60. 61, 533 
Anaerobic bacteria of wounds, 435- 
446 

celluiiys, 445 
methods, 77-80 
myositis, 445 
Anaph> lactogen, 244 
Anaphylaxis, 243-248 
Andrade’s indicator, 52, 519 
Andrew e$, 232 
Animal inoculation, 90-93 
Animals, Diseases of, 190 
Antagonism. 75 
Aathraa. 293-300 
Anti-anaphylaxis, 246 
Antibiotics. I58-I74 
Antibody, Definition of, 209 
Antibodies, Antigens and. 208-214 
Chemical nature of. 2M 
Antigen, Definition of, 209 
Kahn, 121 
mosaic, 212 
Wassermann, 1 15, 116 


Floccular, 228 Antigens, 146 

Granular, 228 and antibodies, 20S-2M 

Macroscopic method of, 105-107 Ragellar and somatic, 231 

method, Felu’s, 108-Uo H. O and R, 231. 236 

Microscopic method of, 105 ofsalmoneJte, 327, 330 

Precipitation and, 226-237 * ‘ - '••'-"'■■ti of Salmonella. 235 

Slide, 103-105 
tests. 102-1 10. 343-345 
Agglutinin, 214, 227 

Absorption of, 110, 111, 145, 229 a*.. 

Agranutocytosis. 158 Antitoxin, Diphtheria, 306, 307. 314 

Aggressiveness. 192 Ehrlich’s oml of. 222 
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Antitoxin— conf. 

Teunus, 428, 429 
Antitoxins, Toxins and, 219-225 
Artfius reaction, 245. 246 
Aseptic Surgery, 155 
Ateferm, 498 
Atopy. 243. 248. 249 
Attenuation of bacteria, 203, 204 
Aureomycin, 163, 164 
Autoclave, 40, 41 
Auto-mtoxication, ]g7 
Autotrophic bacteria. «, 185 
Avenue of infection, 194 

Avidity of antitoxin, 220 
A P S , 90 
AP.T,3I2 


B 

BaciUacete, 251 

8>eille Calmette-Guirin. 396, 397 
IJ, 12 
Bocilluj, 251, 254 
ani^racis, 139, 142, 293-300 
brent, 163 
mefe/irericus, 300 
tublilu, 300, 301 
fi*cter*mia. 197. 198 
Bacteria, CUsaiflcation of. 250, 255 
Enumeration of, 82-86 
General properties of, 1-5 
m health and disease, 185-198 
Killing, by heat, 37-41 
Microscopic observation of, 15-36 
Nutrition of, 5-9 
Bactcnacea, 251 

Bactericidal effect of antibodies, 213 
substances, 149 
Bactencidin, 214, 238 

Bacterioide®, 25l 
Bacteriolysin, 214, 239 
Bacteriolytic effect of antibodies, 213 
Bacteriophage, 484-486 
Typing of 5a/m lyphi by, 96-101, 146 
Bacteriostatic substances. 149 
Bacteriolropm. 217 
Bacterium. 10 
Dacienum, 251, 253, 317 
aerogenet, 56, 61. 176, 321, 322 
cloaca, 322 

coll, 53. 56, 57, 61. 139, 142, 176-178. 

317-320 

pneumoniir, 139, 322, 324 
Bagdad button, 509 


Bang, 380 

Bamtt's method, 143, 144 
Besredka, 214 
Bod bug, 410 
Behnng venule, 135 
Benign lymphocytic chorio-meningilis, 
468, 469 

Bergey's Manual, 250 
Bcrkefeld filter, 87-89 
Bismarck brown. 27, 521 
Biodn, 8 

Biastomycetes, 518 
Blephafoplast, 502 
Blood agar, 70, 71, 140 
Curated. 62 
culture. 131-134, 341 
film. Preparation of. 21, 22 


Bordet. 238 
and Cengou, 240 
Medium of, 377 
*Gengou phenomenon, 241 
Borreha, 251,254.408 
berbera, dlO 
carteri, 410 
dairoau, 410 
"oryl, 410 
obermeieri, 408-410 
vinceniit, 421 
Bostrom, 448 
Botulism, 430-434 
Bottles, Scrcw-cap, 49 
Brill's disease, 488 
Brazilian spotted fever, 490 
Brewer's medium. 61, 533 
Broth. 43. 49 

Buffered glucose, 61, 143, 144, 534 
Lemco, 524 
TctrJthionate, 58 
Wright's, 524 
Brownian movement, 3, 20 
Bruce. 380 
Br»ee/hi.251.253 
aborfiis, 9. 134, 182, 380-383 
melitcnsis, 380-381 
suit. 390. 381, 383 
BrucetHx, ZSl 
Bubo, 480 

Buffered glucose broth, 61, 143, 144, S34 



INDEX 


A 

Abortion m cows, 382, 383 
Absorption of agglutinin, 110, 111.145 
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Acetic acid, 7 

Acetyl-methyl-carbrnoJ, 7, 143 
Achorlon qmnckeanum, 516 
schoenlelnil, 516 
Achromobactcriaccoe, 251 
Acid alcohol, 520 

Acid- and alcohol-fastness, 384, 385 
Acne, 316 
Acridines, 156 
Aetinobacilhis, 251, 253, 447 
aciinomyeenicomltam, 451 
ligniercsi, 451 
Acti/iomyctf, 137. 2Jt, 254 
bovts, 447-451 
grtstus, 163 
Ismli, 450 
lavandtfitr, 164 
madHTtt, 450 
muris, 423 

Actinomycetacea, 251 
Actinomycetales, 251 
Actinomycosis, 447-451 
Adhesion test, 420 
Adjuvants, J92 


Albert's stain, 32, 520 
AleaUgenes, 251, 252 
, facalii, 357 
Alcohol. 7, 153, 154 
Disinfecting power of, 153, 154 
Alexin, 238 

Alimentary tract. Bacteria of, 186, 187 
Alkaline methylene blue sum, 521 
Allergy, 243, 249 
All-glass syringe, 132 
Alum precipitated tonoid, 312 , 

i Amboceptor. 

Amabic dysentery, 499-502 ' 

Anaerobes, 9 
Media for, 60.61, 533 
Anaerobic bacteria of wounds, 43S- 
446 

celluhOs, 445 
methods, 77-80 
myositis, 445 
Anaphylactogen, 244 
Anaphylaxis, 243-248 
Andrade's indicator, 52, 519 
Andrewes, 232 
Animal inoculation, 90-93 
Animals, Diseases of, 190 
Antagonism, 75 
Anthra’C, 293-300 


Aides agypn, 475, 476 
Acrobaeter, 251, 252 
aerogenes, 321 
cloaca, 322 
Aerobes, 9 

Agar, Nutrient, 45, 47, 50, 525 
slope, 76 

Sloppy, 50 * 

Agglutination, 213 
Floccutar, 228 
GtarmliT, 228 

Macroscopic method of, 105-107 
method, Felix’s, 108-1 lO 
Microscopic method of, 105 
Precipitation and, 226-237 
Slide, 103-105 
tests, I02-II0. 343-345 


Agglutinin, 214, 227 
Absorption of, 110, 1 
Agranulocytosis, 158 


II. 145, 229 


Aggressiveness, 192 


Anii-anaphylaxis, 246 
Antibiotics, 158-174 
Antibody, Definition of, 209 
Antibodies, Antigens and, 208-214 
Chemical nature of, 211 
Antigen, Definition of, 209 
Kahn, 121 
mosaic, 212 
Wassermann, 1l5, 116 
Antigens, 146 
and antibodies, 208-214 
Flagellar and somatic, 231 
H, O and R, 231. 236 
ofsalmonellx, 327, 330 
Antigenic formula of Salmonella, 235 
Antiseptics, 149-151, 154 
Antisera, Preparation of, 91-93 
Antitoxic serum. Preparation of, 221, 
222 

Antitoxin. Diphtheria, 306, 307, 314 
Ehrlich's unit of. 222 
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Dehydrogenase, 6. 7 
Delhi boil, 509 
Dengue fever, 483 
Dermacentor andersom, 372 
Desoxycholate-citrate medium, 56, 130, 
140, 327, 528 
Deltol, 14, 153 
Dick test. 271 
Dick toxin, 267. 270 
Dieudonne’s medium, 364 
Differential media, 44 
Diphasic variation, 232-234 
Diphtheria, 125, 126, 302-315 
Diphtheroid bacillus, 315 
Dtplococci, 10, 11 
Diplocoeeus, 251, 252 
pneumonia, 276-282 
Disease.How bacteria produce, 195, 196 
Dishes, Petti, 63 
Disinfectant, 149, 153 
Doderlein's bacillus. 358 
Domagk, 156 
Double stainiQg. 27-31 
Doulton filter, 87-89 
Dreyer's agglutination method, 102. 
105-7 

Dubos, Medium of. 59. 60, 386, 387, 
532 

Ducrey, 379 
Dum-dum fever. 507 
Duran-Reynals, Spreading factor of, 
193 

Durham tube. 52 
Dust, 189, 190 

Dysentery, Amoebic, 499-502 
Bacillary, 347-353 
Dysgonic, 387 


Eberthella typhosa, 335 
Egg media, 59, 386 
Ehrlich, 156, 222, 238 
and Morgenrolh, 240 
Ehrlich's reagent, 510 
Rosmdol reaction, 143 
Electron microscope, 16, 17 
Elementary body, 453, 458, 460 
El Tor vibrio, 364 

Embden-Meyerhof-Parnai scheme. 7 
Emetine, 502 
Encephalitis. 468, 469 
Endocarditis, 188, 270 
Endometritis, 291 
Endotoxins. 196, 197 


Energy, Sources of bacterial, 6 
Enumeration of bacteria, 82-86 
Entamaba colt, 500, 501 
histolytica. 347, 499-502 
Enteric bacilli in milk, 181 
water, 178 
fever, 332, 335-342 
Enterobacteriacex, 251 
Enterococcus, 274 
Enterotoxin of Staph piogenes, 258 
Erysipelas, 270 
Eiythrogenic toxin, 267, 271 
Es^erichex, 251 
Escherichia, 251, 252 
coh, 318 

Essential growth factor, 8 
Ethyl alcohol, 7 
Eubactenales, 250 
Eugonic. 387 
Excreier, 188 
Exotoxins, 196, 197 


Fseces, Bacteria in, 187 
Examination of, 130 
False membrane. 305 
Farcy, 406 
Favus, 516 

Felix. 329, 330. 339. 340 

Agglutination method of, 102, 108- 
110 

Fermentation, 7, 144 
Fibnnoiysin, 268 
Fitvre boutonneusc, 490 
Films. Preparation and staining of, 
20-26 

Preparation of blood, 21, 22 
Filter, Various types of, 87-89 
Filterable virus, 454 
Filtration, 46. 47. 87-90. 454 
Fungi, Pathogenic, 511-518 

Fission in bacteria, 3, 4 

Fixation of complement, 241, 242 
Flagella, 2. 3 
Flea. Rat. 369, 370 
Fleming, 155, 159 
Flocculation tests. 242 
Floccular agglutination, 22s 
Florey and Cham, 159 
Fluorescence microscopy. 35, 36 

Folic acid, 8 

Fontana's Slam, 32, 33, 5_ 

Food poisoning. Salmonella, 333. 334 
Foot and mouth dise.ise, 483 
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Buffered elycerol saline, 348, 527 

Buffers. Use of. in media, 46 

Butyl alcohol. 7 

Butylene glycol, 7 

Butyric acid, 7 

BCG., 397 

^•alanine, 8 


C 

Calf lymph, 472 
Calmcite-Guirm, 396 
Canada balsam, 24, 25 
Capillary pipette, 64. 65 
Capsule, Bacterial, 2 
stains, 33, 34 

Carbohydrate media, 51-53 
Carhol fuchsin, 26, 521 
saline, 62, 519 
thionin blue, 27, 52J 
Carbolic acid, 154 
co-efRcKni. 152 
Carbon dioxide, 9, 80, 81 
Carbuncles, 259 

Carrier. 188, 260. 338, 339, 345. 346 
Catarrhal jaundice, 482 
Cedar oil, 15 
Cellulitis, 269 
Anaerobic, 445 
Centrifuge, 63, 64 

Cerebro'Spinal fluid. Examination of, 
128. 129 
Citrate, 519 
medium, Koscr’s, 534 
Curated blood, 62 
Chaga's disease, 506 
Chamberland filter, 87-89 
Chancre, Examination of, 131 
Soft, 379 

Chemical composition of bacteria. 4, 5 
Chemotherapy, 154-158 
Chick embryo, 455 
-Martin test, 153 
Chmiofon, 502 
Chlonne, 353 
Chloromycetin, 163, 164 
Chocolate agar, 50, 374 
Cholera, 36(y-364 
red reaction, I4J, 361 
Chorio-memngitis, Benign lymphocytic, 
468, 469 
Chtysoidin, 521 
Chfysops discolis, 371 
Ctassification of bacteria, 250-255 
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Climatic bubo, 379 
Cfostndia, Toxin producing, 424- 
Clostridial cellulitis, 445 
myositis. 44S 

Clostridium, 251, 254, 424, 435, 43i 
(>otuhnum, 430^34 
lilstolyticiim, 441, 442 
novyi, 441 
ffdematiens, 441 
perfrlngens, 436-440 
septtcum, 439-440 
sporogenes, 442, 443 
letanl, 139, 219, 424^30 
uelchd, 436 
Coagulase, 258-260 
Coagulated serum, 526 
Cocci, 10. 11 
Co-enzymes, 7, 8 
Cold agglutinins, 480, 481 
Effect of, on bacteria, 9 
Coliform bacteria, 61, 62, 317-324 
Colony, Appearance of, 1*0, 141 
Comma bacillus, 360 
Common cold. 483 
Cemplemenu 115, 117, 118.23 8-242 

Fixation of. 214. 241, 242'' 

Contagious diseases, 190 
Copper. Effect of, m media, 43, 44 
Corynebacteriacese, 251 
Corynebaeteniim, 251, 252 
acnes, 316 

diphtberm. 26. 31. 32. 53-55. 138. 

139, 145. 302-31S, 526, 527 
pseudodiphtheriiiaim, 309, 3IS 
xwrosc, 316 

Councilman bodies, 476 
Counter-stainmg. 29 
Cover slip, 15 
Cowpox, 203 
Craigie, 330 
Crystal violet, 26, 322 
Culture media, Preparation and use of, 
43-62 

Cultures. Making, 63-81 
Cup plate method, 16S. f69 
CyHin, 153 
Cystitis, 188 
Qnochrome, 7 


Cyrrrfysin, 239 
Cytoplasmic inclusion 


bodies, 457, 458 


Dale’s theory of andphylaxis, 246, 247 
Dark ground illumination, 16 
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Immunjty — cont. 

Passive, 205-207 
Species, 201 
Tissue, 201, 202 
Impetigo, 259 
Incubating plates, 70 
Incubator, 81 
Inclusion body, 457, 458 
Indian ink method, 25, 26, 32 
Indicator organisms, 176 
Indole, 49, 142, 143 
Influenza, 477-479 
Inhibition, Zones of, 228 
Inoculation against smallpox, 203, 471 
Animal, 90-93 
Inositol, 8 

Insect borne disease, 190 
Inspissation, 54 

Intermediate variety of C dtphthente, 
304, 305 

Intermittent sterilisation, 39 
Intestinal bacteria. Media for, 55-59, 
527-531 
diseases, 190 

Invasion without infection, I9I 
Iodine, 153 
Iso*agglutinins, 237 
Izal, 153 


Japanese encephalitis, 468 
Jaundice, Catarrhal, 482 
Epidemic, 417-420 
Homologous serum, 482 
Jenner, 203, 471,472 

K 

Kahn test, 121-124, 415 
Kala azar, 507 
Kenya fever, 490 
Klebsiella, 251, 253 
pneumonia, 322 
Koch's postulates, 147, 148 
Kocl\-\Veeks bacillus, 376 
Koser's citrate medium, 61, 62, 319, 
322, 323, 534 
KuplTer cells, 215 

L 

Labels, Gummed, 14 
Laboratory rules. 13, 14 
Lactic acid, 7, 154 
Laclobacille®, 251 


Lactobacillus. 251, 252, 357, 358 
acidophilus, 358 
bifidus,3$i 
balgancus, 358 
odoMolyticus, 358 
Lactobacteriacc*. 251 
Lactose bile salt broth, 44, 526 
Lancefleld's grouping of streptococci, 
263, 264 
Lazear, 477 

Leifson's medium, 56, 528 
Leishman-Donovan body. 507 
Leishmania donosam, 507, 508 
infantum, 508 
tropica, 509 

Leishmaniasis, 507-510, 522 
Leishman’s stain, 32, 35 
Lepra cells, 403 
Leprtssy, 402-404 
Uptospira. 251, 254, 408, 417-420 
M-rw.419 
camcoh, 419 
gnppo'typhosa, 420 
hebdomodis, 420 
icierohamorrhagia, 417-420 
Leucocidin oTSiapli pyogenes, 258 
Leucocytes, Polymorphonuclear, 201 
Levaditi's method, 33 
Light, Effect of. on bacteria, 10 
for microscope, IS 
Lignieres and Spitz, 451 
Lister, 154 
Loffler, 405 

Loffler's alkaline methylene blue, 26, 
521 

medium, 53, 54, 526 
Louse, 410, 488 

Lowcnstem-Jensen medium, 59, 532 
Lugol's iodine, 522 
Lysozyme, 200 
Lymphangitis, 269 

Lymphogranuloma venereum, 379, 479, 
480 

Lysol, 13, 153 
LDSO, IS2, 194 
Lfdose, 223, 307 
Lr dose, 223, 307 
L+ dose, 224, 307 

M 

MacConKey's medium, 53, 55, 56, 327, 
342, 527 

McCrady’s tables. 86, 176, 535 
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Formalin, 154 
Formic acid, 7 
Formol loxoid, 312 
Fractional sterilisation, 39 
Frambffsia, 416 
Francis, 477 
Frei test, 480 
Fuchsin, Carbol, 26 
Fusobacterium, 251, 233 
plauti-vtncenH, 421 
Fusiform bacilli, 421 
Fusiformis fusiformii, 421 
F.T.312 

C 

GaffkyOt 250, 252 
reemsenj, 261, 262 
Gangrene, Gas, 188, 443-446 
Gardner and Leslie, 378 
Gas gangrene. 188, 443-446 
Gastro-coternis, 332 
Geissler’s vacuum pump, 63 
Gelatin, 45, 47, 51, 525 
LiqueDiction of, ]42 
Getatinase, 257 
Genitals, Bacteria of, 187 
Examining material from, 131 
Gentian violet, 153 
media, 44, 51 
German measles, 483 
Germicide, 149 

Gingivitis, Acute ulcerative, 421 
Glanders, 405-407 
Globulin, 211 
Glossma morsiians, 506 
palpalis, 504 
Glucose, 520 
Glutamine, 8 
Glycerol, 154 
Gonorrheea, 288-292 
Gonococcus, 142, 288-292 
Gradocol membranes, 90 
Gram positive and negative bacteria, 
138 

Gram's stam, 24, 27-30 
Gramicidin, 163 
Granular agglinmation, H'i 
Granuloma venereum, 379 
Gravis variety of C diphthenig, 304, 
305 

Griffith’s egg medium, 59, 531 
typing of streptococci, 264 
Grouping of hxmolytic streptococci, 
U2, U3. 


Cuarnieri bodies, 471, 474 
Gutter plate method, I65-I67 

H 

H antigens, 231, 234-236 
Hemagglutination by virus, 478 
Hemagglutinins, 237 
Hematin, 8 

Hemolytic streptococci, 112, 113, 263, 
272, 273 
tests, 113, 114 
Hemolysin, 115 

Hemolysins oTStf. pyogenes, 267 
Hemolysis. 239 
Hemophilee, 25 1 
Hemophilic bacteria, 374-379 
Htemophdus, 251, 253 
ducreyi, 377, 379 
influenza, 139. 374-376. 477 
periussis, 377, 378 
Hands, Protection of, 14 
Hanging-drop preparation, 18-20 
Hansen, 402 
Hapten, 209 

Heat, Effect of, on bacteria, 9, 10 
Hepatitis, 482, 483 
Herpes, 469, 470, 474 
Heterouophie bacteria, 185 
Higher bactena. 12 
Hiss’s method, 33, 34 
Hodgkin's disease, 483 
Hofmann's bacillus, 309, 315, 316 
Morgan and Marshall's medium, 309 
Hot atr steriliser, 37, 38 
Hoyle's medium. 309, 310 
Hyaluronidase, 193, 258, 259, 268 
Hydrogen acceptor, 7 
ion. 45, 46 
Hydrophobia, 461 

Hynes’s modiScation of Leifson’s 
medium, S28 
Hypersensitivity, 243-249 
to tuberculin, 395 

Hypochlorites as disinfectants, 154 
, J,$i 

VftwiWffistoOT. 'ptbtiV-nin. 

137-148 

Idiosyncrasy. 243, 248, 249 
Immune body, 115-117, 214, 238 
Immunity, Acquired, 199, 202-207 
Active, 202-205 
Antitoxic, 204, 205 
Innate, 199-202 
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Negri body, 462, 463 
Neisiena, 250, 252, 283 
caiarrhahs, 138, 142, 287 
gonorrhaa, 288-292 
inlraceltularis 283-287 
meningitidis, 283-287 
Neissenace®, 250 
Neisser’s stain, 24, 31, 32, 523 
Neufeld reaction, 279, 282 
Neutral red, 27, 521 
Newcastle strain of, Sh flexnen, 351 
New growths, 486 
Nicolaier, 424 
Nicotinic acid, 8 
Nigrosm, 25, 26, 32, 34, 523 
Nitroso-indole lest, 142 
Noguchi, 477 

Non-h*moIytic streptococci, 263, 273, 
274 

Nostrils, Bacteria of, 136 
Novy, 441 

Novy and MacNeill, Medium of, 508 
Number of bacteria reguired to 
infect, 193, 194 
Nutrition of bacteria, 5-9 

O 

0 antigens. 231. 234-236, 327-329 
Obermeier, 408 

Obtaining material from patient. 125- 
136 

Oidium, 518 
Oil, Cedar, 15 
•immersion lens, 15 
Polync, 15 
Oocyst, 494, 495 
Ookinete, 494, 495 
Opportunists, 185 
Opsonic effect of antibody, 213 
index, 217, 218 
Opsonin, 201. 216-218 
Orchitis, 291 
Oriental sore, 509 
Ornithosis, 479 
Osteomyelitis, 259 
Oxford staphylococcus, 163 
Ozcena, 324 
Oxidation, 6, 7 
Oxygen. 9 



Pamaquin. 493 
Pantothenic acid, 8 


Pappenheim’s stain, 35, 523 
P^ira-aminobenzene sulphonamide. 156 
Parfl-aminobenzoic acid, 8, 157, 179 
Paracolon bacteria, 321 
Paratyphoid fever, 332 
Parvobacteriaceje, 251 
Paschcn bodies, 471 
Pasteur, 158. 289, 464 
Pasteur and Joubert, 439 
pipette, 64, 65 

Pasteuretia, 251, 253.-365-373 
pestts. 35, 139, 365-371 
psfadotuberculosis, 371, 400 
seplica, 371 
lularensis, 372, 373 
Pasteurelle*. 251 
Pasteurisation, 39, 40 
Pasteurised milk. Bacteria in, 182 
Pathogenic bacteria, 185 
Jdeniillcaiion of. 137-148 
fungi, 511-518 
Pathogenicity, 145 

Patient, Examining material from, 
125-136 

Paul'Bunnell lest. 483 
Paul’s test, 474 
Penicillm, 51. 160-172 
Pemeillinase. 160, 172 
PitiKiIhum noratum, 159 
Pentamide. 510 
Peptone water, 49, 525 
Peritonitis, 188 
Pcrsislers, 161 

Pestis major and minor, 367 
Petri dishes. 63 
P/eiffertlla mallei, 405 
xihtimori, 407 
Pfeiffer’s bacillus, 374 
pH of media, 45, 46 
Phage, 146, 330, 331,484 
Phagocytes, 201 
Phagocytosis. 215-218 
Phase variation of salmoncllx, 236 
Phenol, 154 
red. 45, 46 
Phlebotomus. 508 
Phosphatase lest, 183 
Phosphorylation, 7 
Pijper. 2 
Pimclic acid. 8 

npeltes. Mouth suction of, 14 
Capillary, 64, 65 
Pasteur, 65 
Plague, 365 -371 
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McLeod, 304 
Afaeaeut rhesus, 476 
Macroeametc, 494, 493 
Macrogamclocyte, 493, 494 
Macrophage, 215 
Madura fool, 4S0 
bfaJachiie greea, 522 
Malaria, 491-498 
Malignant growths, 486 
pustule, 297 
Mallein, 407 
Malleomyees, 231, 253 
mallei, 405-407 
pseudomallei, 407 
Malta fever, 382 

Manchester strain of Sh flexiierl, 351 
Mandler filler, 87 
MantouT test, 394, 395 
Mastitis, Rovine, 272 
Measles, 481 
German, 483 
Media, DifTerential, 44 
for anaerobes, 60, 61 
coliform bacilli, 6], 62, 534 
intestinal pathogens, 55-59, 527- 
531 

Styeo, lubereuloslt, 59, 532 
pH of. 45, 46 
Selective, 44 

Mediterranean fever, 382 
Medium. Brewer’s, 61, 333-534 
Coagulated serum, 53, 54, 526 
Desoxycholatc-citrate, 56, 528. 529 
Dubos, 59, 60, 532, 533 
Griffith’s egg, 59, 531 
Koser’i citrate, 61, 62, 534 
Lcifson's, 56, 528-530 
Loffier’s. 53, 54, 526 
Lowcnstein-Jenscn, 59, 532 
MacConkey’s, 55, 56, 527 
Reduced iron, 61 
Robertson’s, 60, 61, 533 
Selenite. 59, 531 

Wilson and Blair’s, 37, 58, 529, 530 
Melioidosis, 407 
Meningitis. 283, 285 
Meningococcus, 283-287 
Mepaenne, 498 
Mcrozoife, 492, 494 
Mcrthiolate, 154 
Metachromatic granules, 303 
Mctchnikoff, 215, 442 


■'MclhyJ red test. 61. 144, 319, 321. 323 
violet. 26. 523 

Methylene blue, LolTlcr's, 26, 521 
reduction test, 180 
Micrecoccacci, 250 
Mieroeoeeus, 250, 251 
iTtehlensIs, 38 
pyogenes, 256 
Aficrogamele, 494, 49$ 
Microgametocyte, 493, 494 
Mjcrophage, 215 
Microscope, 15 
Eicciron, J6, 17 
Reflecting, 16 
Rules for using, |7, 18 
Microscopic examination. 15-36 
Microsporon audouwi, 512, 513 
Milk, Examination of, 178-183 
medium. 33 

Minimum hsmolytic dose, 240 
lethal dose. 194, 222 
Mirror test. 111,229,230 
Mite typhus, 490 

Mills variety of C. diphtheritt, 3W, 
305 

Moller’s method, 34, 35, 397 
Molluseum contagiosum, 483 
hhallia, 517, 518 
Mononucleosis. Infectious, 483 
Moraxelto, 251, 253 
Moro test, 396 
Moiifity, 2, 3, 20 
Mouth, Bacteria of, 186 
Murine typhus, 489 
Mumps. 483 
Mycobactenacex. 251 
Mfeobacleriitm, 251, 254, 384 
at/imr, 384, 387 
bM}rl, 397 
leprie, 138. 402-404 
marts, 397 
paraluberculosts, 397 
smegmatis, 397, 398 
tabereulosis. 59. 60. 138, 181, 182. 
384-401 

Myonecrosis, 445 
M H D , 240 
M L D , 222. 307 
M R D . 307 

N 

Nagana, 506 
Nagler reaction, 437 
Naphthol. X; 143, 144 
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Salmonella— coni 

enurilidis, 231, 328, 329, 333. 335 
hirsch/eldil, 335 

paratyphi A. 326-329, 331, 335-346 

B. 57, 328, 329, 331, 335-346 

C, 331, 333 
schottmueUert, 335 

typhl. 57, 96-101, 139, 142, 143, 
145-147, 229-232, 335-346 
typhmunum, 232-234, 328, 331. 334, 
337 

lyphosa, 335 
Salt agar, 365 
Salvarsan, 156 
Sandfly, 508 

Saprophytic bacteria, 185 
Sarcina, 10, 11, 250, 252 
Scarlet fever, 270 
Schick test, 308, 313 
SchuoEony, 492 
Sehuomycetej, 250 
Schizont, 492, 494 
Sclavo's serum, 300 
Screw cap bottles, 49 
Scrub typhus, 490 
Sections, Staining, 24, 25 
Seiu filter, 46, 47, 89 
Selective media, 44, 54, 35 
Selenite medium, 39, 342, 531 
Sensitised cell suspension, 117 
Sensitivity to penicillin, Tests of, 163- 
168 

Septicsemia, 198, 269, 270, 333. 334 
Serological identification, 144, 143 
technique, 102-124 
Serum medium. Coagulated, 53, 54 
Collection of, 134, 135 
Sensitivity to, 248 
sickness, 247 
Seven day fever. 420 
Shedder, 188 

Shellfish, Bacteriology of, 183, 181 
Shigella, 251, 253, 349-353 
ambigua, 350 
boydil, 351, 352 
dytenierlit, 350 
(Boyd). 351, 352 
fiexnen, 139, 140. 350, 351 
paradysenienir, 330, 351 
schmlizll, 350 
shlgir, 350 
sonnel, 56, 352, 353 
Sintered glass filter, 88, 89 
Skin, Bacteria of, 185 


Skin— fonf. 

Disinfection of, 153 
test dose of Dick tOTin, 271 
Slants, agar, 48 
Slide agglutination, 102-105 
Slopes, Agar, 48, 67, 76. 77 
Sloppy agar, 50 
Smallpox, 203, 470 
Smegma bacillus, 397, 398 
Smith, Andrewes and Laidlaw, 477 
Smith and Brown's classification of 
streptococci, 263 
Sneeze, 189 
Solutions, Sterile, 62 
Sour milk therapy. 187 
South African tick fever, 490 
Specific soluble substance. 278, 279 
Spinlia, 10, 12 
Spirillex. 250 
Spirillum. 250, 251 
mwuj, 422 
Spirochttta, 408 

Spirochietes, 10, 12, 32, 33, 408^23 
Spironema Mncentt, 32 
Spirochztales, 251, 408 
Splenic fever, 296 
Spore stains, 34, 35 
Spores, 4, 10 
Sporoblast, 494, 495 
Sporotrichosis, 516 
Sporotnthum beurmanm, 516, 517 
scheitk), 516 
Sporozoite, 492, 494 
Spreading plate, 71-74 
Spreader, 65, 66 
Sputum. Examination of, 127 
Stabs, Agar, 48 
laocuUting, 67 
Suining methods, 23-36 
Stains. 520-524 

Slaphvloeoccut, 10. 11, 142, 256-262 
albat, 261 
clireus, 261 
epidcrmidu, 261 

pyogenet, 147, 256-261 
Steamer, 38, 39 
Stegomyid faictata, 475 
Sterile solutions, 62 
Sterilisation, 37-42 
SI Louis encephalitis, 468 
Stokes. 476, 477 

Stormy fermentation of milk, 437 
Strangles, 273 
Street virus, 464 
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Phitnothum falciparum, 49| 
malarler, 4‘>1 
otaU, 491 
yi'ax. 491. 496 
Piaimoquin, 498 
Plate. Spreadme. 71-74 
Plates. 67 
PJaling, 67-69 
VhUnum w/re. 6J, 64. 67 
Pneumococcus. 276-282 
Pneumonia. 279. 323, 480, 481 
PotiQmyclaM, 466-468 


Pobchromatic methylene blue, 26 
Polymorphonuclear leucocytes, 2 


Potyric oil, 13 


!I5- 


Postulates, Koch's. 147, 148 
Precipitation and agglutination. 226- 
237 


reactions. Use of. 227 
Precipitin, 214. 226 
Precipitinogen. 226 

Prcscotl and Dreed, Method of. 83. 180. 

181 

Primary atypical pneumonia. 480 
Prontosil. 136 
Propyl alcohol. 7 

Propylene glycol at air dMinfectani, 154 
Prote.f, 231 

Proleus. 56. 57. 251, 253, 355-357 
mirabihs, 356 
morgani, 356 
sulgarh, 142, 336 
» .V,. Ar, 3S6. 337. 488 -{90 
Protozoa in blood, 139 
Pathogenic, 491-310 
Psiltacotis, 479 
PseuiiomonaiacKe, 230 
Pscudomonadex, 250 
Pseudomonas, 250, 251 
trrusinosa, 354, 355 
p^ocyanea, 137, 354, 353 
Puerperal fever, 270 
Pugh's stain, 32. 524 
Pure cuJiurc. 44, 45. 71-73 
Pannes, 8 


Pyridine nucleotides. 7 
Pyridosinc, 8 
Pyrimidines. 8 
Pyruvic acid, 7 
P.P.D.. 394, 395 

0 

<? fever, 487,490 
Outnine, J56, 498 

R 

R antigens, 231 
Rabies, 461-466 

Rabino'vilsch, Butter bacillus of, 397 

Ramon, 223 

Rat-bite fever. 422. 423 

Rat flea. 369. 370 

Ray fungus, 447 

Reaction of media, 45. 46 

Reduced iron medium, 61 

Reflecting miCTOtcope. 16 

Relapsing fevers. 408-411 

Respiration. 7 

Respiratory tract. Spread of infection 
from, 189 

Reticulo-endolhelial system, 211 
RhiHoscJeroma. 324 
Riboflavine. 8 
Jtickeltsia, 487-490 
burnetii, 487, 490 
mwjrri, 487, 489, 490 
orientalis, 487. 490 
pro*iazekli, 487, 488, 490 
quintana, 487, 490 
rkketisn, 487. 490 
RKkrttsiare-T, 251 
Riclettsiales. 251 
Rideal-Walker test, IS2 
Ringworm, 512 

Robertson's medium. 60, 61, 533 
Rocky mountain spotted fever. 490 
Roslndal. Ehrlich's, reaction. J43 
Ross, 497 

Rough colonies, 141 
Rous sarcoma, 486 
Rules for using microscope, J7, IS 


Pus. Collection and examination 
126, 127 
Pustules, 259 
Pyimia. 198, 259 
Pyelitis, 188 
Pyocyanase, 158, 355 
Pyorrhaa alveolans, 421 
Pyosalpiftx, 291 


S 

Safety in the laboratory. 13. 14 

Saline, 62. 520 

Salmonella. 110, 111, 231, 234, 251, 
253, 325-334 
adany, 329 
eholertesuts, 333 
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Salmonella — cont 

enleriiidis, 231, 328, 329, 333, 335 
hrschftldit, 335 

paratyphi A, 326-329, 331, 33S-346 

B, SI. 328, 329, 331, 335-346 

C, 331, 333 
schotlmuelleri, 335 

lyphi, 57, 96-101, 139, 142, 143, 
145-147, 229-232. 335-346 
lyphimunum, 232-234, 328, 331, 334, 

lyphosa, 335 
Salt agar, 365 
Salvarsan, 156 
Sandfly, 508 

Saprophytic bacteria, 185 
Sarcma, 10, 11,250, 252 
Scarlet fever, 270 
Schick test, 308, 313 
Schizogony, 492 
Schizomycetes, 250 
Schuont, 492, 494 
Sclavo's serum, 300 
Screw cap bottles, 49 
Scrub typhus, 490 
Sections, Staining, 24, 25 
Sem filter, 46, 47, 89 
Selective media, 44, 54, 55 
selenite medium, 59, 342, S3l 
Sensitised cell suspension. 117 
Sensitivity to penicillin. Tests of. 165- 
168 

Scpticsmia, 198, 269, 270, 333, 334 
Serological identificauon, 144, 145 
technique, 102-124 
Serum medium. Coagulated, 53, 54 
Collection of, 134, 135 
Sensitivity to, 248 
Sickness, 247 
Seven day fever, 420 
Shedder, 188 

Shellfish, Bacteriology of, 183, IBS 
Shigella. 251, 253, 349-353 
ambigua. 350 
boydii, 351, 352 
dysenterla. 350 
(Boyd), 351, 352 
fiexnerl, 139, 140, 350, 351 
paradysenierltt, 350, 351 
schmilzil, 350 
shlgee. 350 
sonnei. 56. 352. 353 
Sintered glass filter, 88, 89 
Skin, Bacteria of, 183 


Skin — cont 
Disinfection of, 153 
test dose of Dick toxin, 271 
Slants, agar, 48 
Slide agglutination, 102-105 
Slopes, Agar, 48, 67, 76, 77 
Sloppy agar, 50 
Smallpox, 203, 470 
Smegma bacillus. 397, 398 
Smith, Andrewes and Laidlaw, 477 
Smith and Brown's classification of 
streptococci, 263 
Sneeze, 189 
Solutions, Sterile, 62 
Sour milk therapy. 187 
South African tick fever, 490 
Specific soluble substance, 278, 279 
Spinlla, 10, 12 
SpiriUea;, 250 
Spirillum, 250, 251 
minus, 422 
Spiroekato, 408 

Spirochxtes, 10, 12. 32, 33, 408 -423 
Spironema vhicentl, 32 
Spirochxlales, 251, 408 
Splenic fever, 296 
Spore slams, 34, 35 
Spores. 4. 10 
Sporoblasl, 494, 495 
Sporotnchotit, 516 
Sporoirlchum beiirmaniil, 516, 5|7 
sclienki, 516 
Sporozoite, 492, 494 
Spreading plate, 71 74 
Spreader, 65, 66 
Sputum, Cxurnlnailon of. 127 
Stabs, Agar, 48 
Inoculating. 67 
Staining mclliiuls, 21 36 
Stains. 520 32 1 

Staphyheociiif. 1(1, 11. 142. 236 262 
aihui, 261 
clireiit, 2(i| 
rpMrrmlilli, 261 
pyogfifi, 147, 236 26| 

Steamer. 38. .39 
Sirgonieliifiniliitii, 473 
Sterile i<>lullon«, 62 
Sierllisnilon, 37 42 
SI Louis cncepliiilltli. 468 
Stokes. 476, 477 

Stormy fermcnl.slion of milk, 437 
Strangles, 273 
Street virus, 464 
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Slreptobacilliit moniliformis, 423 
Sirepiococccx, 251 
Slreptococcits, 10, 11, ||2. 113 
142. 181, 231, 252, 263-275 
oga!acil<r, 272, 273 
equt, 273 
facaUs, 273, 274 
mitU, 273, 274 
pyogenes, 265-272 
ilrlilans, 263 

Streptococci. Non-h*moIylic, 273 
Streptomycifi, 163, 173 
Sirepiomyces, 251, 234 
Streptothncm, 163 
Subculture, Making a, 65-67 
Substance sensibilisatrice, 238 
Succinic acid, 7 
Sugar media, 51-53, 325 
Sulphanilamide, 156 
Sulphonamidci. 136-158, 173, 174 
Suramin, 505, 506 
Susceptibility, 195 
Swabs, 123, 126 
Swamp fever, 420 
Symbiosis, 75 
Synthetic medium. 8 
Syphilis, 411-416 
Syringe, 132, 134 
S.S S . 278. 279 
ST.D., 27l, V ^ 
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Technique, Serological. 102-124 
Special, 82-101 

Tellurite media, 44, 51, 54, 55, 309 
Temperature of growth. 9, 142 
Tests, Agglutination, 102-110 
Tetanus, 424-430 
Tetrads, 10, 11 

Tetramethyl-p-phenylenc diamine, 290 
Tetrathionate broth, 58, 130, 342, 530 
Thiamine, 8 

Thermophilic bacteria, 9 

Thioglycollate medium, 533 

Thionine blue, Carbol, 27 

Throat swab, 125, 126 

Tick fever, 410,411 

Tissue immunity, 214 

Tissues, Examination of, 135, 136 

Titre of agglutinating serum, 102, 228 

Toxigeniaty, 192 

Toxins, 196, 197, 219-225 

Toxoid, 204. 205. 221. 429. 430 

Toxoid-antitoxin floccules, 312 


Traum, 380 
Trefouel, 156 

126, Trialoma megista, 506 
Trichophyton, 514, 515 
Trench fever, 490 
Treponema, 251, 254, 408 
pallidum. 32, 411,416 
perteniie, A\6 
recurrenlis, 408 
vincenti, 421 

274 Trcponematacc®, 251 

Trophozoite, 492, 494 ' 

Tropical ulcer, 421 
Trypanosoma brueei, 505, 506 
congolense, 506 
cruzl, 506 
eyansl, 503, 506 
gambiense, 503, 504 
fewisl. SOS 
rhodesiense, 505 
Thax, 506 

Trypanosomes, 502-306 
Tryparsamide, 505 
Tse*t$e fly, 504 
Tsutsugamushi fever, 490 
Tubercle bacillus, 384-401, 531-533 
Tubercle, Structure of, 389 
Tuberculin, 394-396 
Tuberculosis, 384-401 
Tubing media, 47, 48 
Tularemia, 372, 373 
Types, Differentiation of, 146, 147 
Typhoid fever. 230. 332, 335-346 
Typhus fever, 487-490 
Tyrocidin, 163 

T.A.B (C ), vaccine, 329, 330 
T A.F.,312 


U 

Ultrafiltration, 89, 90 

Ullramicroscopic particles, 16 

Ultrasonic waves, 10 
Undulant fever, 380-383 
Undulating membrane, 502 
Unit, International, of penicillin, |63 
Unne, Examinatron of, 129, 130 


V factor. 374, 375 
Vaccination, 471, 472 
Vaccines. 93-96, 203, 459 
Vaccinia. 203, 468. 470 
Van Ermengem. 43i7 
Vanation, Diphasic, 232-234 



aneella, 474 
anola, 470-474 
I enMic, US 

‘ i agglutination, 344-346 
antigen, 231, 329 
ibno, 250, 251 

I 'ibno cholera, 138, 142, 143, 360-364 
comma, 360 
'ibrion sepiique, 439 
ibrios. 10, 11 
'incent’s angina, 126, 421 
''lolet, Crystal and methyl, 26 
'indans streptococci, 263 

'irus fixe, 464 
'iruses, 13,432-487 
'itamin C deficiency. 200 
Vitamins, 8 

7oges-Pro$kauer reaction, 61, 143,319, 



Water bath, 8I 
Weil-Felix reaction, 488 
Well’s disease, 417-420 
Weinberg and Sequin, 441 
Welch and Nuitall, 436 
Wells, 397 

Widal test. 105, 106, 134, 343-345 
Wilson and Blair’s medium. 57. 58, 
130. 140, 327, 342. 529 
Wire, Platinum, 63 
Woolsorter's disease, 297 
Wounds, Anaerobic bacteria of. 435- 
446 

Wv&bA.H.ii 

Wright’s broth, 43. 44, 524 
X 

X factor, 374, 375 
Xerosis bacillus, 316 

Y 

Vaws, 416 

Yellow fever. 474-477 
Young, 477 

Z 

7iehI-Neeisen stain, 24, 30. 31. 138, 
385 

Zones of inhibition, 228 
Zygote, 494, 495 





